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SUPPLEMENT 
To 

THE JOURNAL 
Of 

THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
Vol. 63 No. 4 
SECRETARY'S NOTES (ADDENDUM) 
ANNUAL BANQUET 


The Banquet Committee for 1952 held a meeting on 1 No- 
vember, 1951. Certain decisions were reached as to arrange- 
ments for the next Annual Banquet which is to be held at the 
Statler Hotel, in Washington, D. C., on Friday, 2 May, 1952. 


For the benefit of members who like to plan ahead, the fol- 
lowing information is furnished at this time: 
1. As in the past one non-member guest will be per- 
mitted for each member. 


2. In order to permit as many as possible to attend 
the banquet, the full capacity of the hotel will be used if 
necessary. This means that it may be necessary to seat as 
many as 400 participants outside the two main rooms. 
However, precedence will be given in location of seats by 
the date of receipt of application. First applicants will be 


placed in the Presidential Room to its capacity, then in the 
Congressional Room, to its capacity. Remaining applicants 
will be placed outside. 


The foregoing is subject to the following modifications: 


(a) Every reservation, to be considered, must be made 
on the official form which will be mailed to members in late 
February or early March, and subject to conditions thereon. 


(b) No application will be considered prior to 15 
March, 1952. Precedence among those received as of that 
date will be decided by lot. 


(c) No limit is placed on the size of parties, but no 
applicant shall be entitled to more than a limited number of 
tables in the Presidential and Congressional Rooms, re- 
gardless of date of receipt of application. 


(d) A member of 20 or more years standing, who ap- 
plies for himself only, or for himself and one guest only, 
will be seated in the Presidential Room to the limit of fa- 
cilities, irrespective of date of receipt of application, up to 
the closing date for reservations. 

No price for the banquet has been established at this 
time. In view of cost trends, it may be expected that it will 
be somewhat higher than the 1951 price. There will be a 
differential in charge for members and non-members. 
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ADVERTISEMENTS i 


C-E straight tube 


and bent tube boilers 
Meet every Marine Requirement 


C-E STRAIGHT TUBE, SECTIONAL HEADER C-E BENT TUBE Soke Ciseckins from 2500 |b 
BOILER—Normal capacity range 5,000 to 80,000 of steam per hr up to maximum requirements; 
Ib of steam per hr; pressure limited to about 750 pressures as high as desired. Adaptable to most 


psi. Single-pass yer assures low draft loss space and load conditions. Absence of baffles as- 
and avoids soot collecting creas. Boiler illus- sures low draft loss; no sacrifice of heat absorp- 
trated has Interbank Superheater, submer tion. Furnace side walls, roof and floor are water 
type Desuperheater and Tubular Air Heater. Fur- cooled. Superheater surface may be ee 
nace walls are cooled by vertical water walls. or vertical. Economizer surface in boiler 


Combustion Engineering—Superheater, Inc., offers these two widely preferred types of 
marine boilers in well established, service-proved designs and retains, within the limits 
of the design, a wide flexibility of arrangement. A C-E Boiler of either type is readily 
adaptable to any specified conditions of load, space or fuel and to the addition of any 
type of heat recovery equipment. 

At 750 psi, or under, space limitations or general preference usually determines the 
selection of one type or the other. For higher pressures, however, the bent tube boiler 
is the practical answer—aside from controlled circulation designs. 

But, straight tube or bent tube, C-E Boilers enjoy the distinction of having been 
selected for the most outstanding marine applications. For example, C-E Sectional 
Header Boilers supply steam at the highest temperature (1020F) now in use in marine 
service. C-E Bent Tube Boilers supply steam at the highest pressures (1450 psi) 
aboard ship. 

Obviously C-E has the designs . . . the experience . . . the facilities to do a first 
class job. But, C-E has something else—the disposition to work with you to select and 
build the best possible boiler for your particular requirements. 


COMBUSTION ENGINEERING — 
SUPERHEATER, INC. 


200 Madison Avenue * New York 16, N. Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND ao. EQUIPMENT FOR MARINE 
AND STATIONARY APPLICATI 


KY 


ii ADVERTISEMENTS 


1500-Pound 
Pressure-Seal Bonnet 
Gate Valve, 
Socket-Welding Ends 


Best Known 
Name in 
I Valves and Fittings for 


All Marine Installations 


CRANE CO., General Offices: 
836 S. Michigan Ave., Chicago 5, Illinois 
Branches Serving All Marine Areas 


CRANE 


VALVES + FITTINGS PIPE + PLUMBING AND HEATING 
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ADVERTISEMENTS iii 


CUTLESS BEARINGS 


for 
Stern Tubes and Struts 


Soft rubber bearing surface—efficiently lubricated by water—this bear- 
ing far outlasts all hard surface types, protects propeller shafts, reduces 
vibration. More than pays for itself in extra wear alone. Saves you 
time, trouble, and upkeep expense. Write for 60-page booklet. 


LUCIAN Q. MOFFITT, INC. 
AKRON, OHIO 


Seaporcel 


Ceramic Coating (Fused at 1550°F and higher 
temperatures) on Steel and C.RS 


for 
Mufflers Boiler Linings 
Tail Pieces Chemical Containers 
Piping Joiner Bulkheads 
Special Parts Exhaust Systems 


REPLACES CRITICAL ALLOYS 
For Erosion, High Temperature, Corrosion Protection 


SEAPORCEL METALS, INC. 


Associated with: 
MADISON MUFFLER CO. 
Manufacturers of Silencers, Manifolds, Tanks, etc. 


East Coast . West Coast 
28-20 Borden Ave. 1461 Canal Ave. 
L. I. City 1, N. Y¥. Long Beach, Cal. 


~ 
= 


Motors Generators 
Deaerating Feedwater Heaters 
Turbine-Generators * Mechanical Drive Turbines 
[a Condensers Strainers Tube Cleaners 
Information and bulletins on t Q-1075a 


ELLIOTT COMPANY 


District Offices in Principal Cities | i 


~Bendix’ DEPTH RECORDER 


The Bendix Supersonic Depth them. Weighs only 90 pounds. 
Recorder draws an instantane- Easily installed in any conven- 
ous, permanent chart of all ient location. Accurate to 200 
undercraft conditions in their feet or 200 fathoms. Write for 
aatural profile as you pass over complete details. 


Pacific Division 


* “Bendix Aviation Corporation $ TO THE U. S$. NAVY 


THE BERWIND-WHITE COAL MINING CO. 
1 BROADWAY, NEW YORK 4, N. Y. 
PROPRIETORS, MINERS AND SHIPPERS OF 

BERWIND’S EUREKA 
BERWIND’S STANDARD NEW RIVER and 
BERWIND’S STANDARD POCAHONTAS 


SMOKELESS STEAM COALS 
ALSO 


BERWIND'S STANDARD ELKHORN 
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ADVERTISEMENTS Vv 


When the Sea can do this waters where corrosive attack 
to traditional iron and copper is quick and severe. If you have 
alloys, you’re safer with seagoin’ _a question about corrosion, ask 
Monel®. It resists corrosion for _ Inco’s Corrosion Engineering 
years...even in warm tropical Section for help. 


The International Nickel Company, Inc., 67 wat! street, New York 5, N.Y. 


a0t wate 


**... It's the Seagoin’® metal” 
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vi ADVERTISEMENTS 


Griscom- Russell 


Distilling Plants 
Feed Water Heaters 
Oil Coolers — Jacket Water Coolers 
G-Fin Fuel Oil Heaters 
Bulletins on Request 


THE GRISCOM-RUSSELL CO. 


MASSILLON, OHIO 


GIBBS & COX, INC. 
NAVAL ARCHITECTS AND MARINE ENGINEERS 


ONE BROADWAY - 21 WEST STREET 


NEW YORK, NEW YORK 


92 
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Manufacturers of precision instruments and controls which 
reflect exacting research and engineering. 


INGENUITY IN INSTRUMENTATION 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION + GREAT NECK, NEW YORK 
CLEVELAND » NEW ORLEANS » NEW.YORK » LOS ANGELES ¢ SAN FRANCISCO + SEATTLE 


ADVERTISEMENTS vii 7 
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1888-1950 


BATTERIES DEPENDABLE... 
on land, at sea, and in the air. 


THE ELECTRIC STORAGE BATTERY CO., Philadelphia 


Shipbuilders 
and 
Engineers 
* 


BATH IRON WORKS 
BATH, MAINE 
SHIPS OF ADVANCED DESIGN AND FINISHED 


CONSTRUCTION BUILT IN THE BIRTHPLACE 
OF AMERICAN SHIPBUILDING 


JOHNS -MANV! 


Materials for 


JM, MARINE SERVICE 


Ebony for Switch ead Panel Boards + S ructural iuealinas 


ine Room Insulations: + Packi 


Johns-Manville | 


COLLINS RADIO COMPANY 


CEDAR RAPIDS, IOWA 


11 West 42nd Street 2700 West Olive Avenue 
New York 18, N. Y. Burbank, California 


Designers and manufacturers of radio communication 
and navigation equipment for the Armed Services. 


Box 290, ew York 


ADVERTISEMENTS ix 


65 YEARS OF MARITIME SERVICE 


REPAIRS to sailing vessels were common occurrences in the early years 
of operation of the Newport News Shipbuilding and Dry Dock Company 
soon after its founding by C. P. Huntington in 1886. The four and five- 
mast vessels docked stern to stern in the above view indicate the early 
beginning of the company's policy of thorough planning to expedite 
ship repairs. 

At the turn of the century facilities at Newport News included an 
800-foot dry dock to accommodate the world's largest ships of that time. 
Development and expansion of facilities in the plant have kept pace 
with world maritime progress. Today Newport News has unexcelled 
equipment within the 225-acre plant for the complete on-the-spot execu- 
tion of all types of shipbuilding, ship repair, and conversion work. 


NEWPORT NEWS 


SHIPBUILDING & DRY DOCK COMPANY 


NEWPORT NEWS, VIRGINIA 
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x ADVERTISEMENTS 


YEAR AFTER 


[DE LAVAL]turbines, gears, 
centrifugal and rotary 
pumps have been an 
important part of 
America’s ships. 


iy RINE DIVISION . DE LAVAL STEAM TURBINE CO., TRENTON 2, N.J 
DE LAVAL 


TURBINES + HELICAL GEARS + CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS + WORM GEAR SPEED REDUCERS + IMO OIL PUMPS 
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-e0@ tradition at NEW YORK SHIP 


Since the first keel for a naval ‘ 


_ Vessel was laid at New York Ship, Fs 

shortly after the turn of the > 
century, an uninterrupted program b 
of naval construction has been : 


on the yard schedule. | 


In peace or war, New York Ship 
continues to build for the Navy : 
... a tribute to the men who carry § 
on the traditions of the founders: 


CAMDEN,N.J. 
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Xii ADVERTISEMENTS 


PRECISION GEARS. 
Unde, their Con Ykes Sener. 
th; at lity Se, Wier en 
Marines troy ; Ships of has 
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ITHOFORM" 


Bs paint stick to 


galvanized iron 
and other zinc or 
surfaces 


To eliminate the peeling of paint from zinc 
and zinec-coated structures or products. 


| 
| 
| 
| 
| 
| 
Treat all zine surfaces with "LITHOFORM* | 
before painting. "“LITHOFORM" is a liquid 
zine phosphate coating chemical that can be | 
applied by brushing or spraying at the Yard, | 
or by dipping or spraying in industrial 
equipment. "LITHOFORM" forms a durable bond | 
for paint. It is economical; it eliminates 
frequent repainting; it protects both the | 
paint finish and the metal underneath. | 


| 


Send for our new descriptive folder on 
"LITHOFORM" and for information on your own 
particular metal protection problem. 


“LITHOFORM” meets Government Specifications. Specify 
“LITHOFORM” for all painting and refinishing work on 
zine and zinc-coated surfaces. 


1914 
AMERICAN CHEMICAL PAI COMPANY 


Manvtacturers of Metallurgical, Agricultural and Pharmaceutical Chemicals 


mal 
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xiv ADVERTISEMENTS 


B&W -built boilers for the 


Orleans, and Astoria contained the 
first fusion-welded 
engineering authority. 


When Experience Counts Most... 


. - B&W puts seventy-five years 
of seagoing experience into mod- 
ern marine boiler design. American 
Export Lines’ new express luxury 
liners, Independence and Constituti 

typify the modern demand for 
high-speed and power in. limited 
space; low maintenance cost and 
economy of fuel consumption—all 
outgrowths of lighter, stronger, 
welded boiler components, and of the 
higher temperatures and pressures 
they can now provide. 
As operating pressures and tempera- 

of welding . . . greater and greater care in the supervision of welding 


and much greater flexibility in the skills of men and machines. 
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\ navy cruisers Minneapolis, New 

| 
: techniques and of final inspection . . . higher technical perfection 

BOTH DRUM-TYPE AND HEADER-TYPE &. 
BOILERS FOR ALL TYPES OF SHIPS Tee he 
Ox 


ADVERTISEMENTS 


Each Lanman Engraving is 
engineered from a blueprint 
of rigid quality standards and 
precision workmanship . . . for 
quality and service it’s Lanman! 


ENGRAVING COMPANY 


XV 
FROM DESTROYER TO 
NOW USE OR HAVE ON ORDER 
DIAMOND SOOT BLOWERS 
DIAMOND POWER SPECIALTY CORP, = 
WASHINGTON’S S 
COMMERCIAL 
PHOTO-ENGRAVING 
HOUSE 
ENGINEERED ENGRAVINGS 
Vee 


xvi ADVERTISEMENTS 


To put s ships in ee beep them on the job 
TAKE ADVANTAGE OF THE 
_ NAVY-WESTINGHOUSE SERVICE PLAN 


WESTINGHOUSE 
SERVICE PLAN 


Westinghouse maintains 21 Navy Service Consultants... strategi- 
cally located coast to coast...available FREE to the Navy to discuss 
shipping problems connected with steam or electrical equipment. 

To take fullest advantage of this service, consult with the 
Westinghouse Consultant on his scheduled call at your port 
headquarters, or get in touch with the one nearest you. For your 
convenience, here are their various locations: 


f 4 

for consultation in the solution of installation, 

| = operating and maintenance problems. fee 

2 For instruction of Navy personnel in operation 

3. For the “stitch in time” to correct or prevent 
troubles by means of competent inspection. 

| 4. For fast, efficient repairs when needed. Fes 

4 Seattle 
Sen Francisco Norfolk 

i Los Angeles South Philadelphia ort Smith 

Boston Buffalo 


Copyright 1951, by THE AMERICAN Society oF NAVAL ENGINEERS, INC. 


JOURNAL 
THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


VOL. 63. NOVEMBER 1951. No. 4 


Statements contained in articles herein are the private opinions and 
assertions of the writers and should therefore not be construed as reflecting 
the views of The American Society of Naval Engineers, Inc., or of any 
other organization with which such writers are affiliated. 


The Society as a body is not responsible for statements made by individual members 


COUNCIL OF THE SOCIETY 
(Under whose supervision this number is published). 
Rear Admiral Louis DRELLER, U. S.N., (Ret.), President 


Captain RAWSON BENNETT, U.S.N. Captain R. A. SmyTH, U.S.C.G. 
Captain W. A. DOLAN, Jr., U.S,N. Captain W. L. Tann, U.S. N.R. 
Captain J. V. Duvat, U.S.N. Captain F. W. WALTON, U.S. N. 
Mr. FRANCIS H. ENGEL. Captain FRED WEISNER, U.S.N.R. 


Mr. JOHN C. NIEDERMAIER.- 
Captain J. E. HAMILTON, U.S.N., (Ret.), Secretary -Treasurer 


SECRETARY’S NOTES 


ANNUAL MEETING 


The annual meeting of the Society was held, as required by 
the By-laws on 2 October 1951. Attendance was excellent. 


NOMINATION OF OFFICERS 


The membership accepted the report of the nominating com- 
mittee and made no additions thereto. Nominations were made 
for President, Secretary-Treasurer, and for candidates to replace 
the following Council members whose terms expire on 31 Decem- 
ber 1951: 

CapTAIN Rawson BENNETT, U.S.N. 
JosePH B. Duvat, Jr., U.S.N. 
Mr. Francis H. ENGEL 

Captain R. A. Smytu, U.S.C.G. 
CapTain W. L. Tann, U.S.N.R. 

Ballots will be on hand to members before this issue of the 
JouRNAL reaches them. 
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ANNUAL BANQUET 


Matters pertaining to the annual banquet were freely dis- 
cussed. However the consensus of the meeting was that all de- 
tails should be left in the hands of the Council. The Council con- 
tinued the discussion at a meeting immediately following the 
annual meeting. Decision reached, after voting that the differential 
in cost of the banquet in favor of members should be continued, 
was to leave all other details in the hands of a Banquet Committee 
as has been customary in the past. The Banquet committee will 
be named by the president shortly and members will be advised 
of its actions through the usual banquet notice with application 
blank. 

The 1952 banquet is scheduled to be held on Friday, 2 
May 1952 at the Hotel Statler in Washington, D. C. 

ERRATA 

It is regretted that the August issue of the JouRNAL carried 
errors of a technically serious nature in two cases. It is hoped 
that placing the ERRATA in this place will cause it to be more 
easily spotted by readers. 

Prire Joint Bott Stress. Potter AND EITEL p. 547 

MEASUREMENT AND ANALYSIS. JASPER p. 590 

By some means the Figures 5 of these two articles became 
interchanged. The “Figure 5—Strain Cycle Analyzer and Gage” 
on page 547 pertains to the JASPER article and should have appeared 
at about page 590. Similarly, of course, the “Figure 5—Flange 
assembly in place, showing quick-opening valve, supporting tripod, 
by-pass line, and recording potentiometer” on page 590, is illustra- 
tive of the Potrer-EIrTEt article and belonged on page 547. 

Wave Drac or Suips.. KRAMER p. 576 and p. 578 

A misplaced parenthesis in formula (8) on page 576 and 
missing parentheses in formula (19) on page 578 incorrectly state. 
the formula. These should read: 


Page 576 Formula (8) 
x xa xB 
s L 
Page 578 Formula (19) 
BY 
Dy =< x (F) xq xB 
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Society BusINESsS 


Attention is invited to the report of an ad-hoc Committee 
which is published as a part of the Association notes. Action as 
recommended was, in general taken by the Council. Hence in 
1952 we are committed to operating on a budget and within the 
Society’s income. The secretarial staff will be strengthened to 
permit more aggressive membership and advertising campaigns 
than have been possible to date. 

The report of the auditing committee for 1950 is also pub- 
lished in the Association Notes. Although the Society was operated 
at a loss in 1950, its net worth at the end of the year was very 
close to $60,000. The loss operation was planned by the Council 
and has been continued through the current year. The purpose 
was twofold: principally to provide an improved JoURNAL as 
recommended by Rear Admiral R. W. Paine, U.S.N. when he re- 
linquished the presidency in 1948 and secondarily to reduce the 
surplus which was considered to be excessive. 

It is now the opinion of the Council that both purposes have 
been served and that our operations should be on a strictly busi- 
ness basis hereafter. Every effort will be made to publish a 
good JOURNAL within our income. The quality of the JourNAL, 
to the extert that it is determined by money, can be improved if 
an increased membership is available to increase the gross income. 
An increased membership with its attendant increased circulation 
will make the JouRNAL a more attractive advertising medium and 
should increase the income from advertising. 


Captain Carl Lamb, USNR, a frequent contributor to the 
JourNat and a strong supporter of the Society attended the an- 
nual meeting from Houston, Texas where he is on active duty. 
Captain Lamb who alone has been responsible for some 20 new 
members advises all hands that he has found that the only action 
necessary to recruit members is to locate a candidate, show him 
the JouRNAL, and point out that he is eligible for membership. He 
suggests that this simple method be tested by each member. It is 
certainly easy to find civilians, inactive reservists, and regular ‘and 
reserve officers on active duty who are fully eligible for member- 
ship and who have not exercised their privilege. If each member 
used Captain Lamb’s method with only 10’percent of his effective- 
ness, the membership would triple overnight. It’s worth a try.- 
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JOURNAL 

E. D. History 

The staff has prepared a chapter in the history of the 
Engineering Duty Officers. This article beginning on page 751 
covers, in that period between 1916 and 1940 the engineering 
branch of the group as it existed under the original 1916 legisla- 
tion. It is the opinion of the Editor that this chapter along with 
previously published articles adequately covers the engineering 
branch from its beginning in 1862 with the Engineer Corps until 
its absorption in 1940. It is the further opinion of the Editor 
that the history of the Construction Corps is adequately covered 
from its beginning in 1842 until 1937, the date of publication of 
Rear Admiral Robert’s History of the Construction Corps. 


That leaves two gaps for which volunteer authors are needed. 
The first of these would cover the Construction Corps from 1937 
until its absorption in 1940. The second would cover the very 
important events which attended the creation of the present ED 
group by the mutual absorption of CC and EDO officers, the 
development of the “Congineer” concept, and personalities and 
events of historical importance to EDs from 1940 to date. 

Both of these chapters should be written in fairness to pos- 
terity and in recognition of the importance of the oes to the 
Navy and to Naval Engineering. 

There are two concomitant chapters which some authors owe 
to the world. They have to do with the development and growth of 
a microscopic sized group of civilian engineers some 35 years ago 
to the present corps of able civil servants who staff the material 
Bureaus of the Navy and who through the application to Naval 
Business of the special technical profession to which they have 
been called, are rapidly becoming the hard core of NAVAL 
Engineering ; and the growth and development of the branch of 
the Naval Reserve which makes it possible to fill all engineering 
billets during emergency or war. 

Four volunteers are requested. Address your offer to the 
Secretary-Treasurer. 

NATHANIEL STEWART 


Beginning on page 791, we publish what we think is a “mile 
stone” article. In the August 1951 issue of the JouRNAL we re- 
produced an article “The Developing Shortage of Engineers” by 
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Dean of the College of Engineering of Cornell University, S. C. 
Hollister. There have been several other articles published on 
this general situation. 


Stewart’s article describes the expedient action taken by one 
organization to meet this critical situation. It is, by no means, 
intended to imply that others have not taken or planned equally 
effective action. However, it is believed to be the first published 
description of a method of attack. 


The action described by Stewart does not eliminate an im- 
pending shortage of engineers. It does do two things. First it 
proposes that types of work be carefully classified so that true 
engineers are employed on true engineering work. It is probable 
that many organizations are not utilizing engineers in the exercise 
of the talents which were developed by their education. Full 
development of this phase of the attack should clearly establish 
what the actual need for real engineers is. The second thing is 
to more clearly define the path to recognition as a true engineer 
for him whose formal education has been curtailed. With the 
approach to the profession clearly limned, but minor competition 
will be offered to*the opportunities which are offered by en- 
gineering colleges. However, “commissioning from the ranks” 
if properly handled will bring a valuable element into the profes- 
sion. 

MISCELLANEOUS 
Tue “Practica Man.” 


The following paragraph, found in “THE CLARKSON 
LETTER” August-September 1951 intrigued the Editor. It is 
republished on the chance that others who might enjoy it and 
missed its other publications may have the opportunity. 


“THE PRAcTICAL MAN” 


The “practical man who rebels against theory at a time when 
industrial problems are becoming more complex will some day 
find himself unable to qualify for promotional opportunity ahead. 
He may be compared with the American Indians who taught the 
early settlers to put a fish in each hill of corn. All the Indian 
knew was that it produced a better crop—he did not know why. 
He was unprepared to apply his chance discovery to other crops 
because he lacked a knowledge of the theory of fertilization. The 
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chemist has long since learned why the Indian’s corn was improved 
by the use of the fish. Practical farmers everywhere who are 
willing to listen to the chemist’s theory have seen their fields 
yield more abundantly. An understanding of the principles under- 
lying successful action enables us to predict with greater accuracy 
what will happen in a new situation. Our field of responsibility 
will not be limited to the areas bounded by past experience, if 
we make intelligent use of theory in our management activities. 

—Wilbur M. McFeely, 

In Bull@tin of the National Council of Industrial 

Management Clubs.” | 
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“DESIGNATED 
ENGINEERING DUTY ONLY” 


A Staff Article 


This article was prepared by the staff, using as principal 
-references, Navy Registers and Registers of Graduates of 

the U.S. Naval Academy. It would be too much to expect 

that it will be free of errors and omissions. Any error or 

omission which is reported to the S will 

be received with gratitude. 


On June 25, 1940 the Construction Corps of the United States Navy ceased to 
exist. Although the Corps with a proud, historically important background was 
eliminated, the personnel who constituted this able group were merely redesignated. 
By act of Congress they surrendered the designation of Naval Constructor and 
assumed the already existing designation “Engineering Duty Only.” That act 
necessarily changed the constitution of the latter group. 


The story of that amalgamation and the change in character of the EDO Group - 
should be told, but it is not the subject of this article. We will, instead, lay on the 
record a brief account of the establishment and career of the original EDO Group 
without the existence of which the amalgamation could not have taken place in the 
way in which it was accomplished. 


“An official statement describes the initiation of the EDO Group in the following 
language: 


“HISTORY OF THE ENGINEERS* 


Engineers were seagoing personnel from the date of commissioning the first 
steam vessels of the Navy. After the organization of the Engineer Corps in 1859 
they fought a continuous battle in the Navy Department and in Congress for 
recognition as operating personnel with rights to equal rank and promotion 
opportunities with the line. Despite this the Naval Academy from just after 
the Civil War to the Spanish-American War separately educated cadet mid- 
shipmen as line officers and cadet engineers as staff officers. 


About 1897 strife between the line and the engineers reached such a pitch that 
the Navy Department, in an effort to restore harmony among its personnel, 
referred the questions at issue to a Naval Personnel Board, headed by Assistant 
Secretary of the Navy Theodore Roosevelt. 

Animated by a strong desire to promote harmony within the Navy, ‘Teddy’ 
Roosevelt, in 1898, wrote a spirited report that advocated the amalgamation of 
* Extracted from Navpers 10814 “BUSHIPS duty for Engineering Specialists.’ 
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the engineers with the line officers. The work of both classes of officers on 
shipboard, he said, was now largely of an engineering character, and for its 
proper performance it required officers with a considerable knowledge of engi- 
neering. ‘Everything on such a vessel goes by machinery, and every officer, 
whether dealing with the turrets or the engine room, has to do with engineers’ 
work. There is no longer any reason for having a separate body of engineers 
responsible for only a part of the machinery. What is needed is one homogeneous 
body, all of whose members are trained for the efficient performance of the duties 
of the modern line officer.’ 


In 1899 Congress passed the Naval Personnel Act, based upon the recommenda- 
tions of the Naval Personnel Board, but containing some new provisions. This 
act contained the most important legislation concerning the engineers in the 
Navy that had been passed since the Civil War. Its most noteworthy provision 
related to the amalgamation of the line officers and the engineers. Younger engi- 
neers were permitted to qualify for general line duties, but the older ones were 
restricted to shore assignments and responsibilities involving their specialty. 


At first these provisions did not work out as anticipated. The act apparently 
contemplated assignment of young officers to line and engineering duties indis- 
criminately, but in practice only a few of them were given the duties of 
engineers. For a time there was some agitation for the revival of the Engineer 
Corps. The Secretary of the Navy, however, opposed this view, holding that a 
‘persevering enforcement of the Naval Personnel Act’ would provide a satis- 
factory engineering service at sea. His position was justified by the course 
of future events. By 1910 he was able to report that the new system was working 
satisfactorily; the line officers compared favorably as operating engineers with 
the officers of the old Engineer Corps and a sizable group of engineers drawn 
from the line was receiving training in marine engineering at Annapolis. 


Initially the assignment of experienced line officers to ‘engineering duty only’ 
was to have been a temporary arrangement, but in 1916 Congress made this 
arrangement permanent. Such officers were to be carried as extra numbers in 
the line; and, except for certain staff duties afloat, after reaching the grade of 
commander they were to be limited to duties ashore.” 


That quotation is adequate for an official record, but it does not properly present 
in history the personal features and the principal personalities involved. 


You will note that the amalgamation of the Construction Corps in the EDO 
Group took place during that period when, whether we knew it or not, we were 
actively preparing for the next war. The birth of the original EDO Group was 
in much the same environment. It occurred almost exactly twenty-three years 
before, when in 1916, the United States began actively preparing for its next 
war, which even then many people still did not believe would happen. 


Responsibility for engineering design development in 1916 was placed in the 
Bureau of Steam Engineering and in its chief, the Engineer in Chief of the Navy. 
As the war clouds gathered, the position of Engineer in Chief was occupied by 
Rear Admiral R. S. Griffin who had spent his youth as a member of the Engineer 
Corps, USN. This Group was in a sense a counterpart of the Construction Group, 
but had been done away with by Congressional action, in this case not just before 
a war, but just after one, in 1899. Congress at that time had provided for the 
transfer of then active Engineer Corps officers to the line with limited duty (in 
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some cases) but made no provision for perpetuating the Naval engineering 
specialty. It apparently believed that the continuation of the Naval engineering 
art could be adequately handled by oncoming general line officers. It was certainly 
indicated in 1899 that the new Navy of mechanized steam ships would require that 
the line officers who operated them would have to have essentially’ the same 
familiarity with engineering operations as they did with gunnery and navigation. 
That, of course, has continued to be true but as both gunnery and navigation have 
assumed more the nature of operating engineering than of arts, the sea-going line 
officer today must be an operating engineer not, as was deemed necessary in 1899 
of steam machinery only, but of practically all recognized branches of modern 
engineering. 


The officers of the old Engineer Corps who remained in 1899 were not changed 
one iota by the change in designation but many of them, as the records will show, 
gave up their specialty, qualified for general line duties and their talents were lost 
to Naval engineering. Those who continued to be interested in matters of engi- 
neering design and development and hence did not qualify for general line duties 
continued to be assigned to duties where their talents could be applied to these. 
subjects. As a matter of fact, as the general line officers developed into operating 
engineers a group of ex-Engineering Corps officers became available solely for 
assignment and duty ashore where they could devote themselves to the non- 
operating phases of the Naval engineering art. Such officers constituted the tech- 
nical part of the Bureau of Steam Engineering. As a natural development, as the 
line officers with experience in engineering operation at sea became available for 
shore duty, some of them became the plexus in the Bureau of Engineering which 
maintained technical contact between engineering operations at sea and engineering 
and design development ashore. 


Even though there was a slow but definite increase in the size of the Navy from 
1899 onward, the gradual reduction in number of ex-Engineering Corps officers 
due to natural process of attrition did not produce an immediate effect. Attritian 
was slow and the numbers available for the ashore phase of the work increased 
percentagewise as the operating functions at sea were taken over by general line 
officers. Hence, the proper, true effect, of the elimination of the Engineer Corps, 
on advancing Naval engineering through design and development was slow in 
coming. Had it not come at all until the Engineer Corps nucleus was reduced to 
zero is not analyzable but it is predictable. That would have made essential that 
responsibility for technical advance in the engineering art be transferred almost 
entirely to civilian engineers. Since, prior to World War I, there were very few 
such civilians employed by the Navy, it is impossible to guess what the effect would 
have been to Naval engineering. It is certain from experience in many similar 
cases that had general line officers specialized in assignment of duty to the extent 
necessary to make them good design engineers and good developers of Naval engi- 
neering, they would have been denied adequate opportunity for sea duty and would 
have failed of promotion in many cases. Whether or not a corps of civilian engi- 
neers not subject to military discipline and not normally available for assignment 
to sea duty and without the basic indoctrination into the seagoing profession under 
the direction of operating Naval officers could have carried the standard is, of 
course, only subject to speculation. There are many reasons for believing that 
such a system might not have proven wholly adequate. 
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: Regardless of what might have happened, what we propose is to discuss what 
did: happen. In 1916 when, whether it knew it-or not, ‘the United States.was get- 
ting ready for its first world war, an ex-Engineer Corps officer, Rear Admiral 
R. 'S. Griffin was Chief of the Bureau of Steam Engineering. Admiral Griffin 
served in that position through the war and until 1922, but he was next to the 
last Engineer Corps officer to serve as Chief of the Bureau. He was succeeded 
by three chiefs who were unrestricted line officers, but one of them, Rear Admiral 
J. K. Robison had been in the Engineer Corps. Another Engineer Corps officer 
on duty in the Bureau of Steam Engineering was Captain Charles W. Dyson who 
was the head of the Design Division. He retired as a Rear Admiral in 1925. 


In 1899, the last Navy Register in which the Corps was reported listed 201 
officers on active duty in the Engineer Corps. A detailed study of the careers of 
the officers would be of interest but the research necessary for such a task would 
re ibeyond the present capacity of the Staff. 


dkabeelieds to the Register of Graduates of the U.S.- Naval Academy, 65 of the 
164 Naval Academy graduates who were Engineer Corps officers in 1899 were still 
on :active duty in 1916. Of 37 non-Naval Academy graduates in 1899, 2 survived 
on active duty. Most of this group were senior in 1899 because until 1868 all 
engineers had come in from civilian life and after 1874 only two came in from 
that-source, the last in 1879. 


.,.67 survivors of the Corps in 1916 seems a large number but it is apparent that 
avery small number of them were still limited to Engineering Duty. Included 
among the total were these 17 who were still restricted to shore duty. They 
apparently had not elected to qualify for general line duties. 


sual NAME a" CLASS OF RETIRED ~ DIED 
Walter F. Worthington... ............. 1875 1919 1937 
George W. McElroy... .. 1922 1931 
Frank W. 1878 1920, 1932 
Benjamin C:-Bryan?.... 1879 1922 1930 
Clarence “A. - Carr. 1879 1920 1930 
Thomas W. Kinkaid........... 1880 1920 1920 
William Strother Smith........ 1880 1921 1927 
Gustav Kaemmerling ........ bis. 2342 1881 1922 1934 
Kenneth McAlpine 1881 1923 
Robert B. Higgins ............ Sen 1882 1921 1928 
Chawlen Wir 1883 1925 1930 


1 President of the Society 1907, Secretary-Treasurer of the Society 1901. 
2 President of the Society 1917, 1918, 1919. 
* Secretary-Treasurer of the Society 1891. 
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Although some of them had made a real mark as engineers, most of: the 47 
listed below were certainly well enough recognized as general line officers, as to 
make it unrealistic to consider them, no matter how talented they may have been 
basically as engineers, as available for assignment to highly technical Naval engi- 
neering billets. 

NAME CLASS OF RETIRED DIED 
Frank M. 1879 1919 1924 
Alexander S. Halstead.............:. 1883 1923 » ~~ 1949 
Josiah S. 1884 1928 
ts. 1888 1921 1943 
Herman O. Stickney: 23. 1888 1921 1936 
Milton E. Reed...... 1891 1925 1932 
1892 1927 1950 
Edward S. Kellogg.................. 1892 1927 - 1948 
Robert, Ki Crank. 1892 — 1918 
Raymond D. 1892 1926 
Jobe: Brady 1893 1917 1946 
Henry. B.i Price 1893 e 1925 1941 
Mastin Ei: Trench 1893 1925 1927 
Alfred W. Hinds..... 1894 1927 
Joseph M. Reeves........ 1894 1936 1948 
Frank ‘Lyon 1894 1929 1949 
Frederic N. Freeman..,.............. 1895 Dismissed 1918 
Gatewood S. Lincoln................. 1896 1931 — 
Albert W. 1896 1938 
Kenneth G. Castleman................ 1896 1935 — 
William L. Littlefield.............:.. 1896 1931 1935 
Pope Washington. ..........+.-s.e0e5 1896 1918 1935 
Louis C. Richardson...............- 1897 1931 1937 
Andrew T. Graham...... vals 1897 1939 1939 
Henry N. Jenson....../....+. 1897 1924 1941 
Fletcher L. Sheffield... .. 


Edward T. Constien,...............-. 1898 1931 1949 
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NAME CLASS OF RETIRED DIED 
Alexander N. Mitchell............... 1898 1917 1929 


1 Secretary-Treasurer of the Society 1911. 
2 Secretary-Treasurer of the Society 1909, 1910, 1914. 


Three survivors of the 1899 group were identified with other special groups as 
follows : 


Professor of Mathematics, Daniel M. Garrison, Class of 1895, Retired 1923, Died 
1927. 


U. S. Marine Corps, George Van Orden, Class of 1897, Retired 1923. 
Construction Corps, Henry T. Wright, Class of 1898, Retired 1939. 


We are interested specifically in the first group of 17 officers. To what extent 
retirement laws in 1916 permitted forecasting events is of minor importance. It is 
important that as of 1916 this group had future active naval service limited as 
follows : 


1 year remaining in 1918 16 
3 years remaining in 1920 11 
4 years remaining in 1921 8 
6 years remaining in 1923 1 
9 years remaining in 1926 0 


It is thus apparent that for an officer group to handle engineering matters 
through what proved to be the largest shipbuilding program the United States had 
ever had up until that time, there were only a handful of specialists left to guide 
and leaven the work of those general line officers who either through natural 
preference or the vagaries of the Bureau of Navigation were assigned to engineer- 
ing duty. 


Among this latter group in the Bureau of Steam Engineering was Lieutenant 
S. M. Robinson, USN, a graduate of the Naval Academy, Class of 1903. Robinson 
seems to have given the matter serious consideration and conceived the idea, 
probably based on his own preference, of forming a new group of engineering 
specialists who would still have the advantages of being line Naval officers. Not 
only would they serve out their careers as line Naval officers, but they would be 
recruited from among interested young line officers who wished to specialize in 
engineering matters and who needed only career protection to permit them to do 
it. Robinson was well acquainted with the history of the Engineering Corps and 
imnew that any proposal to resurrect it, even though it might seem desirable to 
some, would fall on deaf ears. As a matter of fact, he was in a position to see 
that the requirement that general line officers have the broadening experience of 
engineering operation at sea was extremely valuable to the Navy. There was no 
reason for taking a backward step in that regard. All that was needed was a 
means of attracting straight line officers who wished to specialize in engineer- 
ing without, at the same time, jeopardizing their future careers in the Navy. 
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Robinson, after thinking the matter out, started wheels rolling which produced 
the following statute: 


EXCERPT FROM PUBLIC LAW NO. 241—64th CONGRESS 
Approved August 29, 1916 


“OFFICERS FOR ENGINEERING DUTY ONLY 


Officers of the line of the Navy not below the grade of lieutenant may, upon 
application, and with the approval of the Secretary of the Navy, be assigned 
to engineering duty only, and that when so assigned and until they reach the 

_ grade of commander, they shall perform duty as prescribed in section four of 
the Personnel Act approved March third, eighteen hundred and ninety-nine, and 
thereafter shore duty only as now prescribed for officers transferred to. the line 
from the former engineer corps, except that commanders may be assigned to 
duty as fleet and squadron engineers: Provided, That when so assigned they 
shall retain their place with respect to other line officers in the grades they now 
or may hereafter occupy, and also the right to succession to command on shore 
in accordance with their seniority, and shall be promoted as vacancies occur 
subject to physical examination and to such examination in engineering as the 
Secretary of the Navy may prescribe: Provided further, That the number of 
officers so assigned in any one year shall be in accordance with the requirements 
of the service as determined by the Secretary of the Navy: And provided further, 
That the Secretary of the Navy is hereby authorized to appoint annually in 
the line of the Navy for a period of ten years following the passage of this Act, 
in the order of merit determined by such competitive examination as he may pre- 
scribe, thirty acting ensigns for the performance of engineering duties only. 
Persons so appointed must have received a degree of mechanical or electrical 
engineer from a college or university of high standing or be graduates of tech- 
nical schools approved by the Secretary of the Navy, must have been found 
physically qualified by a board of medical officers of the Navy for the perform- 
ance of the duties required, and must at the time of appointment be not less 
than twenty nor more than twenty-six years of age. Such appointments shall 
be for a probationary period of three years, and may be revoked at any time by 
the Secretary of the Navy. 


Such acting ensigns shall, upon the completion of the probationary period of 
three years, of which two years shall have been spent on board cruising vessels 
and one year pursuing a course of instruction at the Naval Academy prescribed 
by the Secretary of the Navy, be commissioned in the grade of lieutenant of 
the junior grade after satisfactorily passing such examination as may be pre- 
scribed by the Secretary of the Navy, and having been recommended for pro- 
motion by the examining board and found physically qualified by a board of 
medical officers of the Navy. 

Such officers shall thereafter be required to perform engineering duties only, 
and shall be eligible for advancement to the higher grades in the manner herein 
provided for line officers assigned to engineering duty only.” 


This statute was one of the provisions of the National Defense Act of 1916 
along with many other provisions intended to place the United States in a position 
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to meet whatever might develop because of the broadening of the European war. 
The actual wheels which rolled after Commander Robinson gave the first push 
are apparent from the following informal description of events. 


The first act was for Robinson to reduce his thinking to words which he did, 
acting as his own typist. The words which flowed from his hand with few excep- 
tions are those which appeared in the legislation which has just been cited. It 
then took a combination of the triumvirate which I have mentioned to turn the 
next wheel. Robinson occupied a relatively junior position in the Bureau of 
Steam Engineering but in spite of it he approached the Chief personally. His 
approach was probably too abrupt or his introduction of the matter careless because 
the first ‘impression made on. Admiral Griffin was that Robinson was proposing 
something which was in the province of the Chief of the Bureau of Navigation 
and not his own. As a Naval officer of wide experience he could not bring himself 
to action which might appear to be a subtle means of indicating dereliction on the 
part of a brother chief of bureau. His thinking, of course, in this regard, was more 
or less conventional since Congress, in abolishing the Engineer Corps had made 
the matter of filling engineering billets ashore and afloat the responsibility of the 
Chief of the Bureau of Navigation and not of the Chief of the Bureau of Steam 
Engineering. Admiral Griffin himself, up to that time, had had no complaint as to 
the officer assistance which had been provided to him by the Bureau of Navigation 
and probably had not seen the possibility that his satisfaction was due, at least 
in part, to the continued existence of a handful of Engineer Corps officers and 
the additional fact that the younger line officers whom he had been given, like 
Robinson, had not yet begun to feel the career pinch of having to get away to 
sea duty, free from engineering, to protect their positions. 


At any rate, Admiral Griffin was lukewarm to Robinson’s brain child until 
Captain Dyson, who, in addition to being a brother ex-Engineer Corps officer, 
was a close personal friend, has assimilated and approved the Robinson proposal 
and had personally convinced the chief that he could safely put the proposal 
forward with no reflection on the Chief of the Bureau of Navigation, the Congress 
which had abolished the Engineer Corps or anyone else. As soon as he was con- 
vinced, Admiral Griffin lost no time in pushing the next wheel. 


We have discussed the Naval triumvirate which had a part in the establishment 
of the Engineering Duty Only group. These three and théir relationship to the 
Navy and to the American Society of Naval Engineers are of interest. Each of 
the three was both Secretary-Treasurer and then President of the Society, Griffin 
having been the first Secretary in 1899 and having been reelected to the position 
in 1894 and 1895. He became President in 1908, 1912; and 1913. Dyson was the 
seventh Secretary in 1902 and was elected President in 1916, 1920, and 1922. 
Robinson was appointed Secretary in 1921 and was elected to the position in 
1922 and 1923. He served as President in 1931. 


Both Griffin and Dyson retired as rear admirals, Griffin having been the last 
ex-Engineering Corps officer still specializing in engineering to serve as the Chief 
of the Bureau of Steam Engineering and Dyson the last such officer on the-active 
list. Robinson is the only Naval engineer * ever to have retired as a full four star 
admiral and has the distinction of having been the first EDO to serve as the Chief 
of the Bureau of Engineering since the chiefs who followed Admiral Griffin were 


* Admiral Ben Morreel, Civil Engineer Corps shares this distinction. 
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all from the unrestricted line officer group. He has the further distinction of being 
the first Chief ‘of the: Bureau of Ships and the first a ‘of the =. which 
developed into the Chief of Naval Materiel. 


The of Griffin and Dyson were by: the which pub- 
lished “Appreciations” written by a former Chief Engineer of the Navy, Walter 
M. McFarland, on their deaths in 1933 and 1931, respectively. A perusal of these 
“Appreciations” leaves no doubt of the outstanding qualities of Griffin and Dyson 
as Naval Engineers, as Naval officers, and as citizens. 


As previously mentioned, once he had taken hold of: the idea, Admiral | Griffin 
pursued it.assiduously.' His approach, through circumstances, was somewhat un- 
conventional, but highly effective. First he is.to be given credit for having inserted 
in the proposed legislation the provision that Engineering: Duty Only officers could 
succeed to command shore. Having decided on the details of the proposed law 
which he. could support, he mentioned the matter to the Secretary of the Navy, 
the dynamic and forthright, Josephus Daniels who, in spite of what his detractors 
may have had to say about him, as a strong Secretary of the Navy has had few 
superiors in his active and forceful support of the Navy as a national institution. 
Typical of him was his reaction when Admiral Griffin mentioned the proposal. He 
merely took: the piece of paper and put it in his. pocket after indicating that he 
thought itrwas a good idea. 


Among other qualifications of Josephus Daniels was the very fine aie re- 
lationship which he had with the Naval Affairs Committees of the Senate and 
House of Representatives. He was assisted in his processing of the legislation by 
the fact that the National Defense Act of 1916, at the moment, had passed the 
House of Representatives and was under consideration in the Senate Naval Affairs 
Committee. Daniels, with little delay, still with the piece of paper in his pocket, 
paid a.visit to Senator Ben Tillman, Chairman of the Senate Naval Affairs Com- 
mittee, and suggested to him that he sponsor the legislation. That was practically 
the end.of the matter. The Senate added the legislation, which is quoted above, 
to the National Defense Act. It was accepted by the House on advice of its Naval 
Affairs Committee under the able chairmanship of. Representative Lemuel P. 
Padgett. Probably Daniels had seen Padgett in connection with this matter, but 
whether or not he did, his sale of the idea to Senator Tillman was adequate. In 
one of the houses of Congress, the provision that officers could be taken in from 
éivilian life as Engineering Duty Only was added and the Jegislation was complete 
as, cited above. 


This rather informal method of doing business, which in effect was Robinson 
to Dyson to Griffin to Daniels to Tillman to Padgett, resulted in a legislative 
provision which was very far reaching in its consequences. It provided for con- 
tinuity in engineering design and development of Naval officers who were interested 
in that phase of their profession. As evidenced by the rank attained by those 
EDOs who survived, it is fairly evident that the legislation provided adequately 
for the careers of those who elected to join the EDO group. That the legislation 
contributed to the effectiveness of the Navy is difficult to prove by specific examples. 
However, the success of the Navy in World War II was due, in some part, at 
least, to the fact that its ships took second place to none in either the quality of 
their basic engineering plants or the quantity and quality of effective engineering 
gadgetry which they carried. Much of this must certainly be credited to a group 
of Naval officers who were enthusiastic enough about the engineering profession 
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to surrender the more outwardly glamorous phase of a line officer’s career. From 
the date of the inauguration of the EDO Group until the present time, officers in 
the EDO Group occupied many of the principal billets in the Bureau of Engineer- 
ing and its successor, the Bureau of Ships, and equally important positions in 
Naval shipyards, Naval inspection offices, and in the supervision of construction 
of Naval vessels and installation of their machinery. 


A secondary benefit of the existence of the EDO Group is that when the decision 
was reached to amalgamate the Bureau of Construction and Repair and the Bureau 
of Engineering into the Bureau of Ships and to concurrently amalgamate the two 
related technical groups, namely the Construction Corps and the EDO Group, the 
mechanics for doing it were provided in the established existence of the EDO 
Group whose regular status and administrative qualifications provided adequately 
for absorption into it or by the officers in the Construction Corps. 


As a concluding element in this paper, we might take a look at the individuals 
who were included in the original EDO Group. The first group so designated in 
the Naval Register, 1918 naturally included Lieut. S. M. Robinson. The others 
were: 


* Ex-Engineer Corps. 


Although not carried in the 1918 list, Com. Louis Shane, Class of 1898 and an 
ex-Engineer Corps officer, also became an EDO. Thus but 3 of 65 survivors of 
the old Engineer Corps in 1916 became officially designated as members of the 
new EDO Group. 


Following the original selection for transfer from the regular Navy, another 
group was taken in from civilian life. Of these, the following survived to be desig- 
nated EDO and made contributions, at least equal in the average, to those of the 
ones who were taken from the regular Navy. 


Sidney B. Blaisdell 
Harry L. Dodson 
Roy W. Bruner 
Duane L. Taylor 
Roger F. McCall 
Richard C. Bartlett 
Louis Dreller 
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In addition to the 23 “originals” just listed about 82* other regular Naval 
officers were added to the list of those designated “For Engineering Duty Only” 
during that phase when entry into the group was governed by the 1916 Act of 
Congress which might be designated as Robinson to Dyson to Griffin to Daniels to 
Tillman to Padgett. 


The full import of the group of officers who were designated for “Engineering 
Duty Only” can perhaps be approached only by studying the biography of each one. 
Many of the members are fairly well known in naval and industrial circles. Since 
1916, with two exceptions, and those for only a few months, every Secretary of the 
Society has been from this group and eight presidents have been included. Of the 
six Chiefs of Bureau of Ships and six deputies since its establishment, three chiefs 
and three deputies have been members of the basic EDO group. Of the total 
number of EDO’s in the period under discussion 14 are still alive: 


These are: 


Rear Admiral David H. Clark, Class of 1919 
President of the Society in 1951 and ex-Chief of the Bureau of Ships 
Rear Admiral Hugh E. Haven, Class of 1920 
Rear Admiral Wilson D. Leggett, Class of 1921 
Present Deputy Chief of the Bureau of Ships 
Rear Admiral Logan McKee, Class of 1921 
Captain William R. Millis, Class of 1921 
Captain Hyman G. Rickover, Class of 1922 
Captain E. C. Forsyth, Class of 1922 
Captain Peter W. Haas, Jr., Class of 1923 
Captain Fred W. Walton, Class of 1923 
Secretary of the Society. 1945-1948 
Captain Pleasant D. Gold, 3rd, Class of 1923 
Captain Homer Ambrose, Class of 1923 
Captain LeRoi B. Blaylock, Class of 1924 
Captain Max Schreiner, Class of 1924 
Captain William C. Latrobe, Class of 1925 


Of the remaining 89, 30 attained flag rank, as follows: 


Admiral Samuel M. Robinson, Class of 1903, Retired 1946 
Ex-Chief of the Bureau of Engineering; ex-Chief of the Bureau of Ships; 
President of the Society of 1939; Secretary-Treasurer of the Society, 1921- 
1923 
Vice Admiral Harold G. Bowen, Class of 1905, Retired 1947 
Ex-Chief of the Bureau of Engineering; President of the Society 1938 
Vice Admiral Earle W. Mills, Class of 1918, Retired 1949 
Ex-Deputy Chief and Chief of the Bureau of Ships; President of the Society 
1945. 
Rear Admiral Paul B. Dungan, Class of 1899, Retired 1941, Died 1941 
Rear Admiral Ivan Bass, Class of 1901, Retired 1941 
Rear Admiral Ormand L. Cox, Class of 1905, Retired 1946 
Secretary-Treasurer of the Society, 1913, 1928, 1931 
Rear Admiral Albert T. Church, Class of 1905, Retired 1943 


* 82 names have been gleaned from Naval Registers, “About 82” is used because of the probability 
of error by using this source. 3 
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Rear Admiral Stanford C. Hooper, Class of 1905, Retired 1943 : 
Rear Admiral Harry A. Stuart, Class of 1904, Retired 1943, Died 1949 
Rear Admiral Charles A. Dunn, Class of 1907, Retired 1947 
Rear Admiral Bryson Bruce, Class of 1907, Retired 1946 
Secretary-Treasurer of the Society 1924-25 
Rear Admiral Claude A. Jones, Class of 1907, Retired 1946, Died 1948 
Ex-Deputy Chief of the Bureau of Ships; President of the Society 1941 
Rear Admiral Alexander M. Charlton, Class of 1908, Retired 1946 
Secretary-Treasurer of the Society 1926 : 
Rear Admiral Sydney M. Kraus, Class of 1908, Retired 1948 
The aeronautical engineering pioneer who became an A.E.D.O. 
- Rea. Admiral Joseph J. Broshek, Class of 1908, Retired 1946 
President of the Society, 1943 
Rear Admiral Frank J. Wille, Class of 1908, Retired 1947 
Rear Admiral James M. Irish, Class of 1908, Retired 1946 
Rear Admiral Albert M. Penn, Class of 1908, Retired 1945, Died 1947 
Rear Admiral Timothy J. Keleher, Class of 1908, Retired 1943 
Rear Admiral Harold T. Smith, Class of 1909, Retired 1946 
Secretary-Treasurer of the Society 1929-1930 
Rear Admiral Claude S. Gillette, Class of 1909, Retired 1946 
Secretary-Treasurer of the Society 1935-36 
Rear Admiral Sherman S. Kennedy, Class of 1909, Retired 1948 
Rear Admiral Roger W. Paine, Class of 1911, Retired 1949 
President of the Society 1948; Secretary-Treasurer of the Society 1936-1938 
Rear Admiral Thorvold A. Solberg, Class of 1916, Retired 1951 
President of the Society 1949 = 
Rear Admiral Louis Dreller, Retired 1951 
President of the Society 1951 
Rear Admiral Paul F. Lee, Class of 1919, Retired 1948 ae 
Rear Admiral Edgar P. Kransfelder, Class of 1920, Retired 1950 . 
Commodore Webster M. Thompson, Class of 1916, Retired 1947 . 
Commodore Lisle F. Small, Class of 1917, Retired 1947 
Commodore Jennings B. Dow, Class of 1920, Retired 1947 
Captain William E. Sullivan, Class of 1921, Died.1950 - : 
Was selected for promotion to Rear Admiral but died before casinientiin 


Just to make the record complete these officers, not included above gained the 
designation “Engineering Duty Only” between the origin of the group and the 
1940 legislative change: 


Captain Cleland N. Offley, Class of 1889, Retired 1922, Died 1930 
Captain David F. Boyd, Class of 1897, Retired 1932 
- Captain Henry C: Dinger, Class of 1898, Retired 1930 
Secretary-Treasurer of the Society 1909, 1910, 1914 
Captain Louis Shane, Class of 1898, Retired 1934, Died 1941 
Lt. Cdr. Hollis T. Winston, Class of 1900, Retired 1922; Died 1938 
Captain William Norris, Class of 1901, Retired 1929, Died 1933 
Captain Roscoe C. Davis, Class of 1902, Retired 1937 
Captain Carlos Bean, Class of 1902, Retired: 1935, Died 1937 
Captain Joseph O. Fisher, Class of 1902, Retired 1928, Died 1933 
' Cdr. Francis J. Cleary, Class of 1903; Retired 1931 
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Captain Nathaniel H. Wright, Class of 1904, Retired 1938, Died 1940 _ . 

Captain Clyde Stanley McDowell, Class of 1904, Retired 1937 

Captain Albert Norris, Class of 1905, Retired 1939 

Captain Edgar G. Oberlin, Class of 1905, Retired 1932 

Cdr. Robert L. Irvine, Class of 1905, Retired 1933 

Captain Halford R. Greenlee, Class of 1905, Retired 1940 

Captain Arthur K. Atkins, Class of 1905, Retired 1940 

Captain Hollis M. Cooley, Class of 1906, Retired 1946 

Captain Claude A. Bonvillian, Class of 1906, Retired 1946 

Cdr. Robert V. Lowe, Class of 1906, Retired 1930 

Capt. Joseph S. Evans, Class of 1907, Retired 1947 

Secretary-Treasurer of the Society 1919-1921 

Capt. Philip H. Hammond, Class of 1907, Retired 1943 

Capt. Edmund D. Almy, Class of 1907, Retired 1943 

Capt. Baxter H. Bruce, Class of 1907, Retired 1944 

Capt. Frederic T. Van Auken, Class of 1908, Retired 1946 

Capt. Henry F. O. Davis, Class of 1908, Retired 1947 
Secretary-Treasurer of the Society 1932 

Capt. Charles C. Ross, Class of 1908, Retired 1940 

Capt. David F. Ducey, Class of 1908, Retired 1947 

Capt. Harry G. Donald, Class of 1908, Retired 1947 

Capt. Harry B. Hird, Class of 1908, Retired 1939 
Secretary-Treasurer of the Society 1927-28, 1933-34 

Cdr. Karl F. Smith, Class of 1908, Retired 1932 

Cdr. Leo L. Lindley, Class of 1909, Retired 1937 

Captain Lybrand P. Smith, Class of 1911, Retired 1942, Died 1948 

Cdr. Guysbert B. Vroom, Class of 1911, Retired 1939 

Capt. Howard S. Jeans, Class of 1911, Retired 1939 

Capt. Palmer H. Dunbar, Jr., Class of 1913, Retired 1943 

Capt. Wilbur J. Ruble, Class of 1913, Retired 1947 

Capt. Henry A. Seiller, Class of 1913, Died 1944 on active duty 

Capt. William E. Malloy, Class of 1914, Retired 1949 

Capt. Gerard H. Wood, Class of 1915, Retired 1946 

Cdr. George K. Weber, Class of 1917, Retired 1942 

Capt. Ernest B. Colton, Class of 1918, Retired 1941 

Capt. Owen E. Grimm, Class of 1918, Retired 1947 

Com. Harry L. Dodson, Non-N.A., Retired 1948 

Capt. Roy W. Bruner, Non-N.A., Retired 1949 

Capt. Duane L. Taylor, Non-N.A., Retired 1947 

Capt. Roger F. McCall, Non-N.A., Retired 1947 

Lt. Sidney B. Blaisdell, Non-N.A., Resigned 1922 

Lt. Richard C. Bartlett, Non-N.A., Resigned 1928 

Capt. Winfield A. Brooks, Class of 1919, Retired 1949 

Capt. Adolph O. Gieselmann, Class of 1919, Retired 1949 

Capt. James H. Chadwick, Class of 1920, Retired 1949 

Capt. Benjamin P. Ward, Class of 1920, Retired 1950 


Capt. James E. Hamilton, Class of 1921, Retired 1951 
Secretary-Treasurer of the Society 
Capt. Edward E. Roth, Class of 1921, Retired 1951 
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Capt. Guy Chadwick, Class of 1921, Retired 1951 
Secretary-Treasurer of the Society 1938-40 

Capt. Carl S. Drischler, Class of 1921, Retired 1943, Died 1944 

Cdr. Joseph H. Currier, Non-N.A., Retired 1939 

Capt. Marshall M. Dana, Class of 1923, Retired 1947 

Captain Harry Burris, Class of 1924. 


Little more can be said about the effectiveness of the legislation which was 
started by a brash young. lieutenant because he hadn’t yet learned that it doesn’t 


pay to try to improve things. 
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PART ONE 


ORIGINAL ARTICLES 


The articles which the Editor, acting under the supervision of 
the Council, has accepted for publication in Part One are the 
original works of the authors. 

They are offered in furtherance of the Society’s raison d’etre: 
to further the advancement of naval engineering. Discussion of 
any article is invited for publication in a subsequent issue. 

Permission to reprint is freely granted on condition that full 
acknowledgment is given to the author and to the JouRNAL OF 
THE AMERICAN SOCIETY OF NAVAL ENGINEERS. 

All articles which have been written by naval personnel or by 
civilian employes of the Navy Department and are published herein 
carry the personal view of the authors and, unless specifically so 
stated, do not express the official views of the Navy Department. 


‘ 
é 


ADMIRAL Rosert S. GRIFFIN 


Chief of the Bureau of Steam Engineering 
under whom the original Engineering Duty Only group was established in 1916. 
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U. FLEET MAINTENANCE AND 
BATTLE-DAMAGE REPAIRS IN THE 
PACIFIC DURING WORLD WAR II 


CAPTAIN RALPH K. JAMES, USN 


THe AUTHOR 


Graduated from the U. S. Naval Academy in 1928 and in 1930 transferred 
to. the Construction Corps. In 1933 he received an M.S. Degree from M.I.T. 
He .subsequently served in various repairs and maintenance capacities both at 
Naval Shipyards and afloat, and in 1943 was the Representative Force: Mainte- 
nance Officer at Espiritu Santo, responsible for coordinating all fleet repairs 
in that area. In 1944 he was the Maintenance Officer for Comseron Ten at 
Manus. In 1945 he assisted in the establishment of the Ships Parts Control 
Center at Mechanicsburg and served from 1946 to 1948 as Officer-in-Charge. 
He presently is Director of the Shipbuilding Scheduling 8 very recently 
established by the Bureau of Ships in Philadelphia, Pennsylvania. 


This paper was read by Captain James at the Newcastle meeting of se eral 
national Conference of Naval Architects and Marine Engineers:on;5 May, 1951. 
Captain James appeared at the meeting under the original sponsorship of The 
Society of Naval Architects and Marine Engineers. He ultimately-became a repre- 
sentative,.in addition of both the Bureau of Ships and the American Society of 
Naval Engineers. This paper is published as an original article in the JouRNAL 
by agreement with The Society of Naval Architects and Marine Engineers. 


The paper is also being published in the Transactions of the North East Coast 
Institution of Engineers and Shipbuilders of Newcastle-upon-T yne, England. This 
Society. by. unanimous vote of its Council awarded to Captain James the M. C. James 
Medal for. the paper. 


ENGINEERING, issue of August. 24; 1951 had this to say on-the subject; 


~1Captain James, in presenting his paper, practically ignored his printed 
text; but evidently he had little need of it, for he proceeded to give a summary 
- of the. paper that was so obviously the fruits of experience, and so ably de- 
: divered, that it was received with an rarely accorded to 
before a professional society.” \:~ 
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1. INTRODUCTION 


It is no surprise to persons asso- 
ciated with societies of naval architec- 
ture and marine engineering that there 
is a great deal more to a naval war 
than the actual shooting. The war in 
the Pacific in which the United States 
participated from 1941 until 1945 was 
no exception. At the outset of this war 
the United States Navy’s most ad- 
vanced base was situated at Pearl Har- 
bor in the Hawaiian Islands, 2100 
miles from the Pacific continental coast 
line. Between Pearl Harbor and the 
Japanese homeland lies 3300 miles of 
ocean dotted only by small groups of 
islands. Nowhere in this area were 
there any maintenance or logistic sup- 
port facilities from which major United 
States Fleet units could operate. While 
the maintenance facilities of the Pearl 
Harbor Naval Shipyard were adequate 
for the normal Fleet activities prior to 
7th December, 1941, on that fateful day 
the major damage done to important 
United States Fleet units and minor 
damage to shipyard facilities over- 
whelmed the capacity of Pearl Harbor 
and required returning much of this 
burden to the continental shipyards of 
the United States. 

To project the military might of the 
allied forces westward to Japan it was 
necessary, therefore, to plan for and to 
construct advanced naval bases from 
which units of the Fleet could be serv- 
iced, maintained and made ready to 
fight again. The evolution of these 
advanced bases played a vital role in 
the success of our combined might in 
the Pacific. As we progressed across 
the Pacific, islands that were captured 
were converted into amphibious support 
bases, and in several, extensive main- 
tenance and repair facilities were estab- 
lished. The first of these was at Espiritu 
Santo in the New Hebrides Islands of 
the south Pacific. The second was at 
Manus in the Admiralty Islands. Later 
in the war, an advanced base, complete 
with full fleet maintenance and repair 


facilities, was developed at Leyte- 
Samar. Another was in the process of 
development at Okinawa, and one was 
projected for Guam, each of which 
would be capable of maintaining ap- 
proximately one-third of the entire Pa- 


. cific Fleet. At this time the war hap- 


pily concluded. a 


Each of these major maintenance 
bases was provided with adequate man- 
power, equipment and supplies to per- 
mit continuous routine maintenance of 
vessels operating in the area and to 
repair battle damage. Thus was exe- 
cuted the sound policy established by 
the Commander in Chief of the United 
States Fleet, in an effort to increase 
the effective size of his fighting force 
by eliminating the time-consuming de- 
lay of return trips to mainland bases. 
To quote from a report of Fleet Ad- 
miral Ernest J. King: “A base to sup- 
ply or repair a fleet, five thousand miles 
closer to the enemy, multiplies the 
power which can be maintained con- 
stantly against him and greatly lessens 
the problems of supply and repair. The 
scope of the United States advanced 
base program is indicated by the fact 
that personnel assigned directly to it 
aggregated almost one-fifth of the en- 
tire personnel of the Navy, over half a 
million men.” 


The chart shown in Fig. 1 has been 
prepared to show the principal Fleet 
maintenance bases that existed in the 
Pacific at the conclusion of World War 
II. This chart graphically shows the 
tremendous saving in distances to be 
traveled by ships requiring maintenance 
and battle-damage repairs. This chart 
reveals that as the war progressed, the 
distances which these major bases were 
behind the active fighting front con- 
tinued to diminish until the Battle of 
Okinawa, where development of a ma- 
jor fleet maintenance base progressed 
concurrently with the operation of seiz- 
ing and securing the island itself. 
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ESPIRITU 
AUSTRALIA \ @ NOUMEA 


Ficure 1—Location of Advance Bases and Pearl Harbor with respect to Principal Fleet 
rating Areas. Dates under bases indicate time of establishment. 


The scope of the problem of fleet 
maintenance and repair that confronted 
naval personnel in the Pacific during 
World War II can best be appreciated 
by some simple statistical information 
on the size of the Fleet units main- 
tained. On December 7th, 1941, when 
war burst upon the Pacific, the size of 
the entire United States Fleet was as 
shown in Fig. 2. Of these, approximate- 
ly 300 ships of all categories then were 
operating in the Pacific Ocean. The 
problem of maintaining these ships was 
comparatively simple and generally fell 
within the capacity of the repair facili- 
ties at Pearl Harbor and on the Pacific 
Coast of the United States. In August, 
1945, at the end of the war, the size 
of the Fleet had grown tenfold. During 
this period the complexities and prob- 
lems presented by routine maintenance 
and battle-damage repair grew in pro- 
portion to the improvements in design, 
which added many new, but compli- 
cated, equipments and installations to 
operating ships, creating problems that 
necessitated the development of special 
skills among the repair personnel at 
advanced bases. 
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Ficure 2—Relative Size of U. S. Fleet 
1941-45. Each silhouette represents 
ships or less 
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Ficure 3—Organization and Location of Service Squadrons Pacific Fleet 


2. PACIFIC FLEET MAINTENANCE ORGANIZATION 


Prior to United States participation 
in World War II, there was no single 
coordinating agency within the struc- 
ture of the Pacific Fleet that was re- 
sponsible for the maintenance of all 
ships of that Fleet. Instead, each type 
command developed the requirements 
and made arrangements for such main- 
tenance and repair work as was re- 
quired. Within months after the com- 
mencement of the Pacific War, however, 
a centralized Service Force Command 
was created to serve the Pacific Fleet 
in all logistical matters, including Fleet 
maintenance and battle-damage repairs. 
The headquarters for this activity were 
at Pearl Harbor. As the war pro- 
gressed, three principal subordinate 
service groups were created which were 
responsible for the major portion of 
the Fleet maintenance and _ repair 
throughout the entire Pacific Ocean 
area. One of these was the Service 
Force for the Seventh Fleet, operating 
directly under the command of General 
MacArthur in the southwest Pacific 
area. The second was the Service 
Squadron for the south Pacific area 


operating mostly under the command of 
Admiral Halsey. Finally, there was 
Service Squadron Ten, comprising a 
variety of logistic units and subdivided 
into many subordinate groups, all of 
which were completely afloat and mo- 
bile. Over all of these principal units, 
Commander Service Force, Pacific 
Fleet exercised general administrative 
command, determined matters of basic 
policy, and coordinated the material 
requirements of the entire Pacific with 
the Navy’s headquarters in Washington. 
Fig. 3 shows essentially the maintenance 
and repair organization that evolved 
and which was in effect at the conclu- 
sion of the war in the Pacific. 
It was through the organization of 
Commander Service Squadron,. South 
Pacific, and Commander Service; Squad- 
ron, Seventh Fleet, that liaison and 
coordination of maintenance and repair 
effort with the New Zealand.and Aus- 
tralian Governments were conducted. 
Much repair, both of a routine and 
battle damage category, was accom- 
plished in the shipyards in these two 
countries. In fact, it is interesting to 
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note that, during the period from May 
1942 until conclusion of the war in 
1945, 92 percent of all ship repair work 
in the Auckland, New Zealand area was 
accomplished on United States vessels. 

In the advance planning for the re- 
pair facilities in the Pacific area, two 
different philosophies developed. First, 
there was the philosophy of establish- 
ing complete logistic facilities, including 
maintenance facilities, ashore on island 
bases. Secondly, there was the phil- 
osophy of providing these logistic facili- 
ties exclusively in ships and floating 
equipment. Initially major repair facili- 
ties were established ashore at Espiritu 
Santo and later at Manus. Months of 
tedious efforts were expended in the 
development of these facilities and after 
reaching their full development the war 
had progressed and left them behind. 
As a consequence of these inevitabili- 
ties, a plan was developed in 1943 to 
create two mobile service squadrons 
which would “leapfrog” each other as 
the war progressed towards Japan. 
Each of these service squadrons was 
to be completely mobile, and to include 
repair ships, tenders, supply ships, parts 
store ships, floating drydocks and. per- 
sonnel barracks; all the components re- 


3. -MAINTENANCE EQUIPMENT AND FACILITIES 


(a) Advanced Bases 

The essentials of successful mainte- 
nance and repair is that triad of skilled 
men, basic materials, and suitable equip- 
ment and facilities. At the outset of 
World War II the United States Navy 
had adequate repair and maintenance 
facilities-'in the continental United 
States. Support of the Fleet in advance 
areas; however, was dependent upon a 
very limited number of repair ships and 
tenders. Prior to World War II it was 
appreciated that if war with Japan com- 
menced, existing floating facilities 
would be completely incapable of sup- 
porting a major fleet west of Pearl 
Harbor. A program was instituted 
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quired to accomplish all classes of rou- 
tine maintenance and minor battle- 
damage repair virtually in the wake of 
the fighting forces. As the Japanese 
tide in the Pacific began to recede, 
these mobile service squadrons moved 
in towards embattled islands before the 
“real estate” was secured by our own 
forces. 

During World War, II several par- 
ticipating nations made much mystery 
about their so-called “secret weapons.” 
If the United States Navy in fact had 
a secret weapon, it was the Mobile 
Floating Base. These bases, which pro- 
vided the logistic support required to 
maintain the Fleet in the advanced | 
areas, permitted major units of the 
Fleet to operate almost continuously at 
distances up to 1500 miles from the 
closest shore base. The ingenious plan- 
ning and hard work required to create 
and operate these floating bases need 
not be considered mysterious, but with- 
out exaggeration it can be said that 
the development and use of such gigan- 
tic floating bases greatly upset the Jap- 
anese calculations of Allied capabilities 
in the Pacific and hastened the success- 
ful termination of the Pacific War. 


to provide many more and varied types 
of repair ships and their supporting 
craft. A program also evolved for. 
preparation of advanced shore bases. 
These were to be self-contained units 
that could be established in forward 
areas and which would provide the 
variety of services needed by major 
Fleet units operating in the area. 

Detailed planning was initiated to 
organize separate functional compo- 
nents to perform such specific tasks as 
ship repair, supply, harbor defense, air- 
craft support, small-boat. repair, motor- 
torpedo-boat repair, major: engine over- 
haul, landing-craft repair, minesweep- 
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ing equipment repair, oxygen generation 
and a myriad of other services. A 
catalogue was prepared for each of 
these units; specifying the required 
equipment including machine _ tools, 
hand tools, transport and _ weight- 
handling facilities ; indicating the berth- 
ing, messing and recreational facilities 
required by the man-power assigned; 
listing the number of men, their spe- 
cial skills and trades that would be 
needed to operate these units; and tab- 
ulating the different materials required 
both for the subsistence of the men and 
for the accomplishment of the unit’s 
assigned function. 


Operational planning for a specific 
advanced base often combined many of 
these separate functional components 
into a single advance base unit. These 
separate components were assembled 
within the United States for training 
of the men, the acquisition and assem- 
bly of the material and equipment and 
integration of the several units into a 
cohesive whole. When ready to move 
overseas, the base unit would be sepa- 
rated into shipping echelons so divided 
that in the event of loss by enemy ac- 
tion of several vessels, the base itself 
would not be unduly hampered or 
crippled. 


Typical of these advance naval-base 
organizations was one designated as 
a Lion Base, consisting roughly of 
13,500 naval personnel. Primarily it 
was the equivalent of a small navy 
yard. It had within its composition a 
ship-repair unit capable of accomplish- 
ing repairs on any type of major naval 
vessel. This ship-repair unit usually 
was located at some convenient place 
on the water-front of the advance base 
where adequate deep-water piers could 
be erected (see Fig. 4). The unit itself 
had to be constructed on adjoining land 
generally carved out of the jungles. 
Shop buildings largely consisted of 
portable corrugated steel “Quonset 
Huts,” 40 ft. by 100 ft. in size. One 
or more of these quonset huts comprised 
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Figure 4—Portion of Waterfront Area, 
‘Ship Repair Unit, Espiritu Santo 


Ficure 5—Part of Machine Shop Installa- 
tion at Advance Ship Repair Unit 


each of the principal shops. Requisite 
machine tools were erected, sometimes 
directly on the earth floor, but more 
often on concrete slabs poured for this 
purpose. A photograph of the interior 
of one of the machine-shop buildings at 
Espiritu Santo is shown in Fig. 5. The 
complete repair unit comprised a va- 
riety of shops and included such luxu- 
ries as air-conditioned instrument shops 
to permit delicate repair work being 
accomplished even in tropical climates. 
(See Fig. 6.) Transportation and 
weight-handling facilities were provided 
in large quantities to facilitate move- 
ment of material under repair through- 
out the shipyard and to and from ships 
at the repair piers. The complement 
of the ship-repair unit included skilled 
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Figure 6—Air Conditioned Instrument 
Shop at Advance Base Ship Repair Unit 


journeymen to permit two-shift opera- 
tion of its repair facilities. It further 
included the necessary housing, medi- 
cal and recreation facilities required for 
subsistence of its assigned personnel for 
extended periods. 


In addition to the ship-repair unit, 
the Lion Base had complete communi- 
cation facilities, shore and harbor pro- 
tection, hospitals, supply depots, aircraft 
supply and repair depots, training and 
recreational facilities, all in sufficient 
amount to support a major fleet oper- 
ating in its area. It also included con- 
struction personnel required to assist in 
the unloading of the skips transporting 
the base and to construct the base after 
unloading. In effect it was almost com- 
pletely self-sufficient. 


In interesting contrast to the large 
Lion Base was the so-called beach re- 
pair unit. This was a highly mobile 
facility, designed to be carried ashore 
with the early assault waves attacking 
a beachhead. The unit generally con- 
sisted of several skid-mounted houses, 
complete with tools, equipment, supplies, 
berthing and messing facilities for its 
assigned crew. It was designed to make 
on the spot repairs to battle-damaged 
landing craft and to assist the beach 
master in removing debris from the 
beach. It was capable of maintaining 
itself under actual combat for a period 
of approximately four days. Fig. 7 
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shows one unit of the beach repair 
component mounted in its transporting 
landing craft. 
(b) Drydocks 

In addition to the shore facilities, it 
was essential to provide advance main- 
tenance bases with adequate drydocks 
if the ship-repair units were to accom- 
plish underwater repairs on damaged 
ships and routine drydocking of un- 
damaged ships. In initial planning no 
consideration was given to the construc- 
tion of graving docks at these bases. 
The long period of construction re- 
quired and the high cost of these docks 
made such a project completely imprac- 
ticable except for the permanently 
established bases. Full attentionfjgthere- 
fore, was devoted to the development of 
floating drydock facilities, which have 
the inherent advantages of mobility, 
shorter construction time and _ lesser 
cost. 


Prior to World War II the United 
States Navy had been experimenting 
with an auxiliary floating repair dock 
consisting of a single piece, all-steel 
dock with a lifting capacity of 4000 
tons. This dock was ship-shaped with 
a closed bow and with a stern gate to 
form a closed docking basin. Within it 
were contained the required power- 
generating equipment, air compressors, 
crew’s accommodation and limited shop 
tools that made it a self-contained minor 
repair unit. Its ship-shape form facili- 


Ficure 7—Beach Repair Unit for Landing 
Craft 
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Ficure 8—4,000-ton Floating Dry dock 


tated its towing to overseas bases, and 
its completely closed basin made it a 
highly satisfactory freight carrier on 
its outbound trip. It carried such things 
as its own auxiliary storage barges, 
small tugs, and boats of all varieties. 
This particular type of drydock was 
designed primarily for the docking of 
submarines, destroyers, large landing 
ships and all variety of smaller craft. 
A large number of these docks were 
constructed and they soon became the 
work-horse of the advanced fleet- 
maintenance bases. In such areas as 
Manus there were two and sometimes 
three of these units continuously in use, 
performing routine drydocking and ac- 
complishing battle-damage repairs to 
destroyers and other small craft. Fig. 
8 illustrates this type of dock. 


At one time in United States naval 
drydock planning it was contemplated 
constructing single-piece floating docks 
of sufficient capacity to handle the 
largest aircraft carriers then afloat. 
Development also was in progress on 
a sectional type of drydock. From these 
studies two types of so-called advance- 
base sectional drydocks evolved. The 
larger of these consisted of a ten-section 
steel dock with a combined lifting ca- 


pacity of 100,000 tons, thus making it 
capable of lifting the heaviest vessel 
afloat. The smaller docks had seven 
units with a total lifting capacity of 
56,000 tons. These were designed for 
drydocking heavy cruisers, small air- 
craft carriers and the old battleships. 
Each section of these docks contained 
its own separate power plant, ‘its»salt- 
water pumping systems, its compréssed- 
air equipment, and its crew’s messing 
and berthing facilities, so that each unit 
could be towed separately to the 
advance-base location selected. The ends 
of each section were faired to facilitate 
towing. The wing walls were hinged 
to allow them to lay down on the pon- 
toon deck to give greater stability and 
lesser wind area during tow. Fig. 9 
shows the assembled ten-section dock 
in use at Espiritu Santo. 


Each drydock was equipped with two 
15-ton-capacity cranes. While being 
towed these cranes were secured on 
the deck of a pontoon. After arrival 
of the several pontoon sections at the 
selected base area, the wing walls were 
raised into the vertical position by 
means of jacks. These sections were 
then sunk to deep draft and brought 
alongside the sections on which the 
cranes were carried. The tracks on the 
wing wall were lined up with the tem- 
porary tracks on the deck of the pon- 
toon and the cranes moved to their 
normal operating position. 


Another interesting feature of these 
drydocks was their self-docking capa- 
bilities. As drydocking of any pontoon 
section was required it was a relatively 
simple task to detach it from the main 
dock unit and dock it in the remaining 
sections. The sectionalized character 
of the dock further minimized the dam- 
age which would result from enemy tor- 
pedo or aerial attack. 


While each pontoon section of these 
drydocks had its own self-contained 
facilities for operation of the dock, 
there were virtually no facilities for ac- 
tual repair of ships docked. To com- 
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Ficure 9—100,000-ton Advance Base Sectional Drydock in use at an Advance Base 


pensate for this, two special tender 
barges equipped with machine tools 
necessary for’ a variety of routine re- 
pairs accompanied each drydock. These 
auxiliary barges were transported to 
the advance base aboard the pontoon 
sections of the dock itself. Whenever 
extensive repairs such as battle-damage 
repair were required on a ship in dock, 
it was the custom to bring alongside 
and secure to the drydock itself one 
or more repair ships so that their con- 
siderably. greater facilities and man- 
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power were available to undertake the 
repairs involved. 

Due to the steel deficiencies that 
existed during the war, consideration 
also was given to the development of 
concrete floating docks. One such dock 
of 2800 tons capacity ultimately was 
developed and used successfully in ad- 
vance base locations. Its huge walls 
and bulkheads were constructed of six- 
inch thick normal aggregate concrete. 
While it was considerably less efficient 
than the normal steel drydock in regard 
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to its lifting capacity in relation to its 
dead-weight, nevertheless it served the 
useful purpose of providing drydocking 
facilities with a minimum use of critical 
steel with a minimum amount: of hull 
maintenance. 

During World War II the United 
States Navy constructed or acquired a 
total of 158 floating docks, ranging in 
lifting capacity from 400 tons to 100,000 
tons. In one twelve-month period late 
in the war, 7000 vessels were docked 
in these floating drydocks, ranging in 
size from motor torpedo boats to battle- 
ships of the Jowa class. The great 
majority of this drydocking was done 
at advance bases and primarily in the 
Pacific Ocean. It must be obvious to 
all that the availability of these dry- 
docks in the advanced bases greatly 
minimized the risks that these ships 
otherwise would have been subjected to 
if required to return to continental 
bases for maintenance. 

To my personal knowledge there was 
only one drydock that was the object 
of attack by the Japanese in the Pacific. 
In Manus, early in 1945, one feeble 
attempt was made to bomb a large sec- 
tional drydock, and with only limited 
success. For reasons difficult to under- 
stand, the Japanese Navy underesti- 
mated the importance of such major 
maintenance facilities in enhancement 
of fleet operating capabilities. Even at 
Pearl Harbor on December 7th, 1941, 
no attack was directed specifically at 
the drydocks. Had the Japanese con- 
centrated on the maintenance facilities 
and drydock in advance base locations 
they could have seriously hampered the 
operations of the Pacific Fleet. 


(c) Repair Ships and Tenders 
Perhaps because the Japanese them- 
selves had been slow in the develop- 
ment of fleet auxiliary support ships, 
they did not give full consideration to 
the capabilities of these vessels in sup- 
porting fleet units at great distances 
from major bases. It appears from a 
review of the records that the Japanese 
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at no time credited the United States 
Navy with the capability of operating 
at a distance greater than a thousand 
miles from a major shore base. The 
United States Navy, however, had 
placed great emphasis upon the develop- 
ment of auxiliary ship types which 
would permit the fleet to operate at 
great distances from major shore bases. 
In all, fifty different varieties of aux- 
iliary vessels were developed to meet 
the requirements of fleet operations in 
advanced areas. Over sixteen of these 
types were developed subsequent to the 
attack on Pearl Harbor. These fleet 
auxiliaries permitted the Pacific Fleet 
to range over distances up to fifteen 
hundred miles from supporting shore 
bases. 


Most of the repair type ships ap- 
proximated mobile shipyards of varying 
capabilities and capacities. They were 
fitted variously with a variety of equip- 
ment, tools, spare parts, and shops 
such as machine shop, Diesel-engine- 
overhaul shop, carpenter shop, electric 
shop, electro-plating shop, blacksmith 
shop, hull-plate shop and instrument- 
repair shop. Some of the larger ships 
also had medium-sized foundries capa- 
ble of producing castings up to 3000 
pounds. 


Each different type of these repair 
ships was designed to perform a spe- 
cialized function. Some were equipped 
to undertake heavy hull repair, others 
battle-damage repair, still others inter- 
nal-combustion engine repair or landing 
craft and motor-torpedo-boat repair. 
However, when emergency dictated the 
need, all were capable of performing 
any essential work on all ship types. 
They generally were outfitted with spare 
parts, stores and supplies to service the 
particular specialty which they had 
been assigned. 


Prior to the outbreak of the war, 
skilled journeymen assigned to these 
repair ships were adequate to operate 
all machine tools and equipment on a 
single-shift basis. Demands of the war, 
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however, increased the tempo of work 
and it often became necessary to utilize 
the machine-tool equipment twenty-four 
hours a day. Berthing accommodation 
for the operating personnel had been 
installed within the shop spaces in many 
of these ships. To permit continuous 
operation of shop facilities it became 
necessary to relocate berthing facilities 
to other spaces where this was possible. 
In many types of vessels this was not 
considered practicable, and new-type 
personnel barracks, ships and barges 
evolved. These provided the requisite 
additional berthing and messing facili- 
ties to permit the repair personnel of 
repair ships to have. suitable accommo- 
dations. Some were converted Liberty 
ships which carried approximately 450 
additional skilled journeymen. These 
constituted the personnel necessary to 
operate the repair shops on the parent 
ship on a full 24-hour basis. 

A variety of lesser supporting types 


also were available at most advanced 
areas. These included such craft as 
sea-going tugs, salvage ships, small 
harbor tugs, some non-mobile barges 
for storage and issue of material, for 
housing of personnel, for generation of 
power and for distilling water. To- 
gether they comprised the floating chain 
that could be shifted from base to base 
as operations of the fleet dictated. 

As previously stated, the United 
States Navy was increased ten-fold be- 
tween 1941 and 1945. Again referring 
to Fig. 2, it is interesting to note that 
during this time the number of battle- 
ships was increased by six, the number 
of cruisers was increased by fifteen, and 
the number of aircraft carriers was in- 
creased by nineteen. In establishing a 
well integrated fleet, however, the num- 
ber of auxiliaries was increased by 860. 
No better evidence can be presented of 
the importance of the auxiliary types 
in the war with Japan. - 


4. LOGISTICS SUPPORT 


As previously stated, adequate fleet 
maintenance in the Pacific could only 
be achieved if the all-important triad 
of skilled men, proper equipment, and 
essential materials, was available in the 
proper places and at the proper time. 
We have discussed in some detail two 
phases of that triad and now I would 
like to touch briefly on the third, name- 
ly “essential materials.” Ship-repair 
work is a hungry maw into which must 
flow a myriad of material items large 
and small, a variety comprehensible 
only to those who have actively par- 
ticipated in this work. In the Pacific 
Qcean areas, fleet maintenance mate- 
rial _problems were divided into two 
basic categories. The first was the gen- 
eral stores materials, including steel 
plates and shapes,. nuts, bolts and 
screws, rivets, welding rods, lumber, 
nails, paints, oils and all other essential 
items that required fabrication into 
their final form and shape. The second 
category was the completely prefabri- 
cated equipment and their repair parts, 


including such items as motors, pumps, 
winches, turbines, engines, and _ the 
thousands of replacement parts required 
to service them, 

To provide the general stores mate- 
rial, supply depots were included in the 
compositions of all advance bases. The 
initial quantities of material to stock 
these depots were shipped out when the 
base initially was transported from the 
continental United States to its ad- 
vanced area. These shipments, generally 
very comprehensive, were followed pe- 
riodically by replenishment shipments 
of the commonly used items, attempting 
to anticipate the issues made at-forward 
base areas and to provide a continuous 
flow from the reserve supply depots 
within the continental United States. 
These replenishments were called block 
shipments, and each included approxi- 
mately 5000 different items of material. 

This method of supply of general 
stores items continued throughout the 
early phases of the war and was rea- 
sonably satisfactory in. providing the 
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essential material required by repair 
activities. Deficiencies that developed 
because of unexpected demands for cer- 
tain items were filled by specific re- 
quests to the Continental supply serv- 
ices. 

In addition to the shore-based supply 
depots, mobile floating supply support 
was provided by store ships, barges and 
other floating equipment on which these 
same items of maintenance material 
were available. These craft could be 
self-propelled or towed in close sup- 
port of the most advanced repair 
echelons. Because of the time-consum- 
ing operation required to establish and 
fully outfit shore-based supply depots, 
towards the end of the war greater 
emphasis was placed on development 
of mobile supply support. . 

In the very earliest phases of the war, 
however, before material support in 
advanced Pacific Ocean areas was fully 
developed, the ingenuity of repair per- 
sonnel often was taxed to the limit to 
improvise the materials necessary to 
permit the ships to be repaired and 
continued in service. Often captured 
Japanese equipment was stripped of 
parts and ,other materials for adapta- 
tion and use in the repair of United 
States naval vessels. One small sea- 
plane tender which was badly damaged 
at the stern, thereby destroying its 
rudder and steering controls, was pro- 
vided with a jury rudder constructed 
of wooden telephone poles’ uprooted 
from a Japanese communications net- 
work and fitted with steel plates re- 
moved from a Japanese borab shelter 
found on the island of Tulagi in the 
Solomons. With this improvised rig the 
vessel made a successful passage from 
the Solomons to Pearl Harbor, a dis- 
tance of over 3500 miles. 

As the war progressed, however, 
these initial problems were overcome by 
the materials rolling off the production 
lines within the United States. In the 
closing months of the war the problem 
no longer consisted of production of 
materials, but rather the distribution of 


those materials and the maintenance of 
a balance between procurement and in- 
ventory. As stated in a report of Fleet 
Admiral King, “Motion, not size, has 
become the important factor.” 

In July of 1945 a system of uniform 
inventory control was established to 
maintain a proper balance between pro- 
curement of material and inventory. 
Thereafter, in lieu of receiving periodic 
block shipments of predetermined items 
and quantities, advance base supply de- 
pots instituted a uniform procedure of 
stock-status reporting whereby the 
usage of material and the quantities on 
hand were the essentials in determining 
the amounts to be resupplied. This new 
program permitted centralized admin- 
istrative control of all materials in the 
Pacific Ocean area and permitted the 
redistribution of area excesses. This 
greatly facilitated the receipt of essen- 
tial materials in the advanced mainte- 
nance areas from dormant stocks in 
areas left behind in the drive towards 
Japan. 

A category of repair material which 
constituted one of the major problems 
of logistic support during the war was 
repair parts; the bits and pieces neces- 
sary to keep in continuous operation 
the many machines and equipment in- 
stalled in naval ships. Because of their 
high replacement rate this was partic- 
ularly true of Diesel-engine parts. Prior 
to the outbreak of World War II the 
United States Navy had only a limited 
number of Diesel engines in service. 
Most of these were installed in sub- 
marines. A few had been placed in 
small boats primarily for development 
purposes. Immediately after the out- 
break of World War II, however, many 
new Diesel-engine applications were 
introduced into service to meet the de- 
mands of the accelerated shipbuilding 
program. Diesel engines became the 
main-propulsion machinery for most of 
the smaller ship types up to and in- 
cluding the destroyer escort type. So 
urgent was the demand upon the Diesel- 
engine industry for complete engine 
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units that very few maintenance repair 
parts were produced during the early 
part of the war. This greatly accen- 
tuated the problem of engine mainte- 
nance and repair. In November, 1944, 
it finally became necessary to give the 
manufacture of replacement parts an 
over-riding priority on the production 
lines of the United States manufac- 
turers. The magnitude of the problem 
of engine-part replacements can be ap- 
preciated by recognizing that over 556 
different models of engines were in 
operation at one time in the United 
States Navy. These required approxi- 
mately 1% million different parts for 
complete repair part support. 

To shorten the lines of supply during 
the early phases of the war eight spare- 
part distribution centers were estab- 
lished in various geographical locations. 
These were located in Australia, Alas- 
ka, three in the central Pacific, on the 
east coast of the United States, in the 
British West Indies, and in England. 
Later in the war, because of the acqui- 
sition through lend-lease of many 
American Diesel engines by our Allies, 
it became necessary to establish spare 
parts distribution centers in Malta, 
Bombay, Canada, Russia and Brazil. 

Initially the shipment of repair parts 
to these distribution centers was on the 
basis of a so-called “Automatic Flow 
Plan.” The manufacturer of each dif- 
ferent type of engine was requested to 


5. BATTLE DAMAGE 


(a) Battle-Damage Repairs 

In the preceding sections I have out- 
lined the problem that existed in the 
Pacific Ocean area and the organization 
and facilities that were assembled to 
undertake fleet maintenance and battle- 
damage repairs to the Pacific Fleet. In 
this section I would like to discuss some 
of the major examples of battle-damage 
repair that were handled by repair per- 
sonnel in the Pacific Ocean area, ones 
that I believe will be of general interest. 

Battle-damage repairs varied in mag- 
nitude from superficial damage on small 
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predict the fast-wearing parts that 
would be needed in his engine and to 
estimate the quantities of these required 
for support of a stated number of en- 
gines. ._He then was authorized to make 
monthly shipments of these approved 
quantities on an automatic basis to the 
many distribution centers. Unfortunate- 
ly, because of the problems of material 
priorities, much of this automatic flow 
did not actually occur, and a major 
problem of support of Diesel-engine 
equipment developed in the Pacific 
Ocean. To alleviate this in part it be- 
came necessary to create salvage centers 
to which all used parts were returned 
for inspection, and rehabilitation for 
further use if practicable. 

As for general stores materials, in 
August of 1945 the so-called automatic 
flow plan for resupply of Pacific spare- 
parts distribution centers was aban- 
doned in favor of an integrated pro- 
gram of inventory control. This was 
based on establishment of a continental 
inventory control center, to coordinate 
the requirements of the entire fleet and 
to determine requirements of each ad- 
vance maintenance area, based on its 
usage and on the fleet activity in that 
area. Although this program was not 
fully implemented prior to the end of 
the war, it is the basis on which fleet 
repair-parts support has been provided 
subsequent to the end of the war. 


craft, to repairs of cruisers which ar- 
rived with decks awash and on the 
verge of capsizing. Ships with exten- 
sive damage generally were returned to 
the continent following completion of 
temporary repairs. Material was not 
available for major repairs, nor was it 
desirable to commit advance bases to 
rebuilding ships, thereby limiting their 
capacity to perform emergency repairs. 
Exceptions were made in some _in- 
stances where work of major propor- 
tions was accomplished on vitally needed 
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ships such as aircraft carriers and 
battleships to prevent their prolonged 
loss to the fleet. 

When temporary repairs were under- 
taken on ships that had received major 
hull damage, a complete inspection was 
made for evidence of structural failures 
as soon as possible after arrival. This 
included a thorough inspection by di- 
vers of the hull and all flooded com- 
partments. Complete strength and sta- 
bility calculations were made based on 
this inspection. Prior to docking, dam- 
aged compartments were unwatered in 
so far as possible after effecting limited 
repair by divers. Structural repairs 
were made so as to completely restore 
the original hull strength by the sim- 
plest means practicable and thus insure 
safe passage to the United States. Con- 
currently with the structural repairs, 
damaged machinery, particularly that 
which had been submerged in. flooded 
compartments, was renovated, tempo- 
rarily preserved and final tested. Ex- 
cept for damage which involved the loss 
of all propellers, ships usually returned 
from advance bases under their own 
power. 

One of the most interesting types of 
battle damage from a structural point 
of view was that experienced by de- 
stroyers. Because of their small girder 
size, the loss of part of the hull was 
not an uncommon occurrence. Many 
destroyers lost portions of either their 
bow or stern, and in either situation 
the corrective action consisted of re- 
moving the wreckage, strengthening the 
remaining structure, installing a stub 
bow or cofferdaming the stern, and 
checking the stability of the remaining 
ship. It was then returned to conti- 
nental shipyards where new sections 
were fabricated and installed. 

The Selfridge is an example of a de- 
stroyer that lost its bow. She was 
struck by at least one, and probably 
two, torpedoes which completely severed 
seventy-five feet of the bow. (See Fig. 
10.) As the bow floated aft it dam- 
aged the ship in several locations, in- 


cluding the starboard tail shaft, strut, 
and propeller. Fig. 11 shows the Sel- 
fridge following completion of tempo- | 
rary repairs with the temporary stub 
bow installed. 

The Abner Read was a destroyer 
which lost its entire stern when the 
ship detonated a contact mine on her 
port quarter. The after seventy-five feet 
of the ship severed cleanly and sank 
within a few minutes. The port shaft 
was broken and sank with the stern 
but the starboard shaft remained intact. 
The starboard propeller and struts were 
stripped from the shaft and the shaft 
took a 5-degree sag following the ex- 
plosion. As a consequence it was nec- 
essary to rotate the shaft 180 degrees 
prior to drydocking. (See Fig. 12.) 
After docking, the shaft was removed, 
a stern bulkhead was installed, and a 
temporary rudder was provided. After 
being towed to a continental shipyard 
the ship was docked with its new stern 
section and permanent repairs were 
completed. 

Unique among destroyer repairs were 
those accomplished on the Hambleton. 
The Hambleton was damaged amid- 
ships by a submarine torpedo which 
left the ship in danger of breaking in 
half. This damage occurred during the 
invasion of Africa before advance bases 
had been established in the area. In 
order to save the Hambleton a floating 
drydock was salvaged and put in oper- 
ating condition. Following drydocking, 
fifty feet of the damaged section amid- 
ships was removed. A fairing section 
twelve feet long was installed and the 
ship returned to the United States for 
a new fire-room and engine-room..- Since 
the bow section had a negative meta- 
centric height of four feet, it was neces- 
sary to ballast the bow and fasten it to 
the bottom of the dock while floating 
the stern section in position. Fig. 13 
shows the area of torpedo impact and 
the foreshortened hull upon completion 
of temporary repairs. ; 

Another type of damage was that 
inflicted by Kamikaze planes, which 
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Figure 10—Torpedo Damage U.S.S. Selfridge. Views from Port and Starboard Bows 
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Ficure 12—Mine Damage to U.S.S. Abner Ficure 14—Damage to U.S.S. Newcomb 


Read, Starboard Shaft intact although caused by Kamikaze Planes 
entire Stern was lost 
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Figure 11—U.S.S. Selfridge following temporary repairs with Stub Bow installed 
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— 13—Torpedo Damage to U.S.S. Hambleton and View of Foreskortened Hull with 
one Engine-room and one Fire-room removed 
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were more than partial to destroyers. 
‘These attacks caused extensive topside 
damage and are particularly interesting 
because the resulting damage is what 
might be expected in the future from 
guided missiles or pilotless aircraft at- 
tacks. Fig. 14 shows the Newcomb fol- 
lowing four separate hits by Kamikaze 
planes, one of which was carrying a 
bomb. In addition to the topside dam- 
age, the keel and bottom were dam- 
aged, permitting three of the four main 
machinery spaces to flood to the exter- 
nal waterline. An advance base accom- 
plished underwater and machinery re- 
pairs and completely replaced the main 
deck in the damaged area. (See Fig. 
15.) 

The extent of repairs frequently ac- 
complished by advance bases on large 
ships is typified by the experience of 
the USS Enterprise, a large aircraft 
carrier. A bomb had hit on the for- 
ward elevator, causing damage to the 
flight deck and the flight-deck control 
station, demolishing two anti-aircraft 
guns and exploding the ammunition in 
that area. All control instruments in 
the control station were destroyed, as 
well as 8000 feet of multiconductor 
cable. To accomplish complete repairs 
it was necessary to remove two guns 
from one ship and fly control instru- 
ments from another ship, both of which 
were returning to Pearl Harbor. Twelve 
days after the repairs were started, the 
Enterprise was ready for sea, and 
twelve days later she returned again. 
One suicide plane had crashed near tke 
starboard bow, damaging the forward 
pump room, and another crashed into 
a gun sponson aft. The bomb or bombs 
exploded in the water, damaging the 
propulsion machinery and the after 
generators, and causing misalignment 
of the port propulsion shafting. Turbine 
chocks and the line shaft bearing feet 
were cracked and all reduction gear 
bearings were wiped on No. 3 shaft. 
The hull had been punctured and nu- 
merous rivet leaks were found in voids. 
The turbine reduction gear, and shaft- 


Ficure 15—Temporary Repairs to U.S.S. 
Newcomb following Kamikaze Damage 


ing were repaired and re-aligned and 
the hull was made tight. In another 
twelve days all repairs were completed 
and the ship was again ready for sea. 
Eleven days after leaving, the Enter- 
prise was again hit. The damage this 
time was so severe that it was imprac- 
ticable for the advance base to attempt 
repairs. The efforts of this base, how- 
ever, had effectively added two large 
aircraft carriers to the Fleet before the 
Japanese inflicted damage which ex- 
ceeded the capacity of this floating 
repair base. 

Typical cruiser repairs accomplished 
at advance bases are represented in the 
cases of the Houston and Canberra. 
Both ships were struck amidship by 
aircraft torpedoes. The damage to these 
ships was unique in that both ships 
were immobilized by one torpedo. The 
Houston was hit directly under the 
starboard propulsion unit when the ship 
was heeled 30 degrees to port, and the. 
shaft was broken at the reduction gear- 
coupling. Propeller drag pulled the 
shaft aft about six feet, damaging the 
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Ficure 16—Torpedo Damage to U.S.S. Houston 
Vessel Heeled 30° to Port 


bulkhead stuffing glands. (See Fig. 16.) 
The forward three machinery spaces 
flooded from blast and fragment damage 
and the after engine-room flooded, from 
the shaft damage. On the Canberra the 
torpedo struck directly under the star- 


’ board shaft, displacing it laterally and 


upward. This tore holes in both engine- 
room bulkheads, permitting them to 
flood to the external waterline although 
neither bulkhead was damaged by blast 
or fragment. Fig. 17 shows the dam- 
aged area, including the deflected shaft, 
and the same area following comple- 
tion of temporary repairs. 

The Houston damage is interesting 
aside from the repairs accomplished at 
Manus because of the extensive damage- 
control measures taken by the crew to 
save the ship. Five minutes after the 
first hit the metacentric height was an 
estimated 1.9 feet negative. During the 
next two days the crew removed 1600 
tons of flooding water and jettisoned 
120 tons of topside equipment, which 
restored the metacentric height to 4.5 
feet positive. At this point the ship 
was struck by a second torpedo. Be- 
cause of the corrective steps taken by 
the crew between torpedo hits, the sec- 
ond hit did not cause the loss of the 
ship, as it otherwise would have done. 
Even more remarkable were the exten- 
sive measures taken by the crew to 
restore some of the structural strength 
in way of the damaged section amid- 
ship. When structural repair materials 
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FicurE 17—Torpedo Damage to U.S.S. 


Canberra and Completed Temporary 
Repairs 


aboard were exhausted the crew can- 
nibalized non-strength members to pro- 
vide steel for installation in the dam- 
aged area. The repairs accomplished 
at Manus followed the usual pattern for 
complete restoration of hull strength. 
Fig. 18 has been included to show the 
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plished on U.S.S. Houston by 
Repair Unit, Manus 


Ship 


damaged area amidship during installa- 
tion of the replacement structure and 
the same area following completion of 
temporary repairs. Fig. 19 shows the 
installation of replacement transom 
framing. An estimated 12,000 man-days 
were required to complete the tempo- 
rary repairs on the Houston. 

One of the more interesting and un- 
usual projects of the advance bases was 
the repair of the Viburnium, a 195-foot 
wooden hull net tender. This ship 
struck a contact mine on the starboard 
bow which shattered the hull for a 
length of approximately 22 feet. After 
the Viburnium was docked, debris and 
damaged planking were cleared away 
and repairs were undertaken. Since 
neither the materials nor trained per- 
sonnel required to effect wood hull re- 
pairs were available, it was necessary 


to use steel. The keel was encased in 
¥%-inch steel plate, which was bolted 
to it and extended well beyond the ~ 
ends of the damage in order to provide 
structural continuity. Transverse fram- 
ing in the damaged area was replaced 
by fabricated steel T sections. Fig. 20 
shows the damaged area and the in- 
stallation of the steel structure. Fig. 21 
shows the details of the resulting com- 
posite structure in the damaged area. 
Although these repairs were intended 
to enable the Viburnium to proceed to 
a mainland yard for permanent repairs, 
they proved so successful that the ves- 
sel continued to serve in the forward 
area until the end of the war. The only 
adverse criticism received on the work 
accomplished was that it was impossible 
to compensate the magnetic compass 
following these repairs. 

Unfortunately the repairs accom- 
plished in the forward area were not 
always as successful as those described 
above. Early in the war the O’Brien, 
a destroyer, was struck on the bow by 
a submarine torpedo. Severe flexural 


vibration of the hull girder followed 
the explosion and buckled hull plating 


: 

Ficure 19—Temporary Repairs to Stern 
of U.S.S. Houston accomplished at 
Manus 
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FicureE 20—Mine Damage to Mine Layer 
U.S.S. Viburnium and Temporary Re- 
pair Measures. 


and longitudinals forward and caused 
serious failures in the bottom structure 
amidship. Temporary repairs were ac- 
complished and the ship then attempted 
to return to the United States. After 
steaming 2800 miles, the O’Brien broke 
in half and sank, although no rough 
weather was encountered during this 
time and the speed of the ship never 
exceeded 12% knots. The loss of the 
O’Brien was the combined result of the 
lack of drydock facilities in the advance 
areas and the accomplishment of tem- 
porary repairs under the direction of 
personnel inexperienced in the details 
of ship construction, The loss of the 
O’Brien accelerated the advance-base 
program and the transfer of naval con- 
structors tothe forward areas. 

These are only a few of the major 
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Ficure 21—Details of Composite Structure 
for Steel Repairs to Wooden Hulled Net 
Tender U.S.S. Viburnium 


battle-damage repair projects that were 
accomplished in the Pacific at forward 
maintenance bases. Unfortunately com- 
plete data were not kept to record the 
full extent of the work accomplished. 
Some measure of this tremendous task 
can be seen, however, in the statistics 
maintained by one principal command. 
In a period of one year, extensive battle- 
damage repairs (some permanent, some 
temporary) were accomplished on twen- 
ty capital ships. Miscellaneous repairs, 
including minor battle-damage repair 
concurrently was accomplished on 1800 
other ships. This was all accomplished 
by only one of the three principal main- 
tenance commands operating in the 
Pacific area. 


(b) Design Lessons Learned as a 
Result of Battle Damage 


Following each case of battle damage, 
technical naval personnel inspected the 
surviving ships and interviewed survi- 
vors to analyze the damage and deter- 
mine what design improvements could be 
made to improve the combat efficiency 
of these ships. When the results of 
these investigations were of sufficient 
importance to warrant their promulga- 
tion to the forces afloat, the Navy 
Department prepared and issued a com- 
plete War Damage Report covering all 
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available information on the damage or 
loss of the ship concerned. These were 
patterned after similar reports issued 
by the British Admiralty and were 
valuable in training personnel in dam- 
age control. 

Improvements in design of sister 
ships were effected wherever possible 
as a result of these investigations. The 
first such improvement made in United 
States naval ships was the shock proof- 
ing of machinery foundations as a result 
of British experience early in the war. 
This program was almost completed 
prior to the entry of the United States 
into the war. The first design improve- 
ments based on United States experience 
followed the Pearl Harbor attack. The 
magazines in one ship were flooded 
accidentally when the magazine-flooding 
connections were broken by a near miss. 
To prevent a recurrence of this damage, 
magazine-flooding connections were re- 
moved from all ships and complete re- 
liance was placed on the _ internal 
sprinkling systems. 

At Pearl Harbor the inadequacy of 
the fire-fighting systems installed in 
ships was brought into sharp focus. 
From that fateful day throughout the 
remainder of the war a never-ending 
campaign was conducted to improve 
this situation. The first step taken was 
to remove unnecessary inflammables 
and to replace essential inflammables 
with non-inflammable substitutes wher- 
ever possible. Fire-fighting schools were 
established to train all shipboard per- 
sonnel in the rudiments of fire fighting 
and to familiarize them with newly 
developed fire-fighting equipment. 
Changes were authorized to improve 
fire main systems, including installation 
-of additional and larger fire pumps, 
some of which were located outside the 
main machinery spaces. Single-line fire 
mains were replaced with loop systems, 
and additional cut-out valves were’ in- 
‘stalled to permit greater flexibility in 
operation. Improved fire-fighting equip- 
ment, including portable pumps, was 
developed and provided in greater quan- 


tities. Foam systems for smothering 
gasoline and oil fires were improved. 
The gasoline fire hazards on aircraft 
carriers were reduced by redesigning 
the gasoline stowage and fueling ar- 
rangements, making ‘extensive use of 
inert gas for blanketing both tanks and 
piping. Probably the most serious fire 
hazard in any ship is that of fueled 
planes on an aircraft carrier. This 
problem was solved late in the war by 
installing remote controlled foam sys- 
tems to smother any hangar or flight- 
deck fire. The results of these efforts 
to improve the fire-fighting ability of 
naval vessels were especially gratifying. 
During the first year of the war, two- 
thirds of all ships sunk were lost as a 
direct result of the uncontrolled fires 
started during battle. In contrast, no 
ships were lost for this reason in the 
last years of the war. The fires which 
resulted from a single submarine tor- 
pedo hit on the Erie (a 6-inch gun 
boat) during the first year of the war 
are shown in Fig. 22. These fires raged 
for five days and were finally extin- 
guished by personnel and equipment 
sent from the United States. In con- 
trast, Fig. 16 shows the extent of the 
fire experienced on the Houston follow- 
ing the torpedo hit on a gasoline tank 
containing 2500 gallons of gasoline. 
This fire was extinguished in fifteen 
minutes. 


Another serious problem that was 
recognized early in the war was that 
of progressive flooding, and was one 
which caused the loss of several ships. 
Compartment access fittings were re- 
designed and some access openings 
were eliminated. Difficulty was experi- 
enced with flooding through all types of 
fittings which pierced watertight bulk- 
heads, such as cable stuffing boxes, 
steam-line expansion joints, drainage 
lines and electric cables. Electric cables 
were especially troublesome because of 
water seeping through the core, with 
the consequent fire and flooding hazard 
at electric switchboards. The first solu- 
tion to this problem was to seal the ends 
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MACHINERY AND 


FIRE GUTTED SHIP EXCEPT IN 
MAGAZINE 


Ficure 22—U.S:S. Erie (PG50) Torpedo and Fire Damage 


of the cables against seepage. This 
solution was not completely satisfactory, 
so cable was redesigned to require seal- 
ing throughout the length. Finally, to 
assist ships in removing flooding water, 
permanent overboard discharge connec- 
tions were installed in the hull just 
above the waterline. 

Improvements which materially con- 
tributed to the survival of damaged 
ships were made in the emergency 
lighting and power facilities. Emer- 
gency lighting was provided by install- 
ing relay-controlled hand lanterns in 
vital locations to provide illumination 
automatically when the regular lighting 
system was disrupted. Even where 
ships were lost these lanterns resulted 
in a tremendous saving of lives. Emer- 
gency power for vital electrical equip- 
ment was provided by a system of per- 
manently installed risers from switch- 
boards with terminal boxes at vital 
equipments and at each watertight bulk- 
head. Temporary cables could then be 
run between risers and the equipment 
without impairing the ship’s watertight 
integrity. 

The above improvements are only a 
few examples of changes incorporated 
in operating ships of the Fleet as a 
direct result of war experience. Other 


improvements were necessarily confined 
to future designs. As described previ- 
ously, the immobilization of a modern 
cruiser was caused by one _ torpedo 
laterally displacing the propeller shaft 
and rupturing the bulkheads of both 
engine-rooms. In the latest heavy 
cruisers this deficiency was corrected by 
separating the forward and after ma- 
chinery groups by a small auxiliary 
machinery space and installing a com- 
plete main propulsion unit (boiler and 
main engine) in each main machinery 
space. With this arrangement it is vir- 
tually impossible for one torpedo with 
conventional warhead to immobilize the 
ship. The weakness developed in the 
example of the Houston by longitudi- 
nal movement of the propeller shaft was 
corrected in these ships by the installa- 
tion of a single-face thrust bearing near 
the after end of each shaft. 

The art of naval architecture is never 
static. From further analysis of World 
War II damage, and from the develop- 
ments in the art of warfare that have 
occurred since the end of the war, we 
may expect to find many interesting 
and important changes being made to 
naval vessels. Obviously, however, 
these have no place in our present dis- 
cussion. 


6. CONCLUSION 


Naturally it is the firm conviction of 
naval personnel that Japan was defeated 
because the Japanese Navy was de- 
stroyed and thereby also was destroyed 


the life-line upon which their armed 
forces depended for many vital mate- 
rials and supplies. This defeat was 
possible because the Allied Naval forces 
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were able successfully to penetrate the 
outlying island defenses of the Japanese 
Empire and to deliver attacks directly 
upon the Japanese homeland. A large 
measure of the credit for this fact be- 
longs to the advanced naval bases which 
were the stepping stones that permitted 
the Fleet to remain in the western Pa- 
cific and to develop the necessary 
strength ultimately to command the en- 
tire seas from Pearl Harbor to Tokyo 
Bay. These bases were pushed closer 
and closer to the fighting front until 
eventually in the battle of Okinawa, 
construction of the base was in progress 
as fighting for control of the island con- 
tinued. 

It is interesting from a_ technical 
point of view to analyze the effect of 
battle-damage repairs and the related 
ship-design improvements upon the 
combat efficiency of the Fleet. It has 
been stated that the ability of damaged 
ships to survive battle action is a meas- 
ure of their combat efficiency. Certainly 
the ability of damaged ships to survive 
improved greatly during the four years 
of the war. To illustrate this, a dia- 
gram has been prepared showing the 
total number of ships damaged during 
each year of World War II as a result 
of enemy action, and the number of 
these which were lost. (See Fig. 23.) 
The percentage of ships lost declined 
rapidly as the war progressed despite 
the improvement in enemy weapons 
which the Fleet encountered, and de- 
spite the proximity of the Allied Fleet 
to the Japanese mainland during the 
last year of the war. There were sev- 
eral reasons for this marked decrease. 
Early in the war, several ships were 
lost because of the lack of tactical sup- 
port which necessitated the sinking of 
damaged ships by our own forces to 
prevent their capture by the enemy. 
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The damage control capabilities and 
experience of operating personnel was 
constantly improving as the war con- 
tinued. As new ships joined the Fleet 
they incorporated many design and ma- 
terial improvements made possible by 
the jettisoning of the treaty restrictions 
under which the majority of the United 
States ships in service in 1941 were 
constructed. Probably the most impor- 
tant factor in the ability of ships to 
survive damage received in the forward 
area, however, was the “first aid” that 
was available in the advanced shore 
and mobile bases. Many damaged ships 
which undoubtedly would have been 
lost while trying to return to conti- 
nental bases were saved because of 
thorough repairs accomplished by main- 
tenance personnel in these bases. 


In the preparation of this paper I have collaborated with and been assisted 
materially by Lt. Comdr. Wayne Hoof, USN. Assistance also has been gener- 
ously extended by Captain E. A. Wright, USN and Captain K. E. Romberg, USN. 
All photographs are U. S. Navy official photographs. 
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MEETING A CRISIS 


MEETING A MANPOWER CRISIS IN 
NAVAL ENGINEERING 


A Documentary Account 


NATHANIEL STEWART 


THE AUTHOR 


is not an engineer, though he would be proud to be one. Mr. Stewart is a 
specialist in the administration of training and educational programs, and has had 
related management experience. Since January, 1951, he has been a member of 
the staff of the Industrial Relations and Manpower Division of the Bureau of 


of the Bureau. 


Ships, with responsibilities for promoting the training of scientific, 
and technical personnel of the U.S. Naval Shipyards an 


During World War II he served as Chief of Training in the U.S. Office 
of Censorship. For his services in training personnel in psychological and eco- 
nomic warfare he was awarded the Certificate of Merit. 


other field activities 


This is the story of a mission—the 
mission of building a stockpile of hu- 
man talent in naval engineering. It is 
a documentary account of the need for 
men with engineering savvy; specifi- 
cally, how to get them, train them, and 
make the maximum use of their talents 
in the U.S. Naval Shipyards. In con- 
trast with the depressive “ashes and 
sack-cloth” attitude which prevails too 
often in manpower circles, this account 
is rooted in an aggressive and construc- 
tive approach to the manpower problem. 

Shortly after the outbreak of hostili- 
ties in Korea it became evident that the 
nation faced a scarcity in engineering 
skills. Observers recalled that World 
War II had started with scarcities in 
capital goods and equipment, then the 
shortages shifted to raw materials, and 
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only later were scarcities in technical 
manpower encountered. With the Ko- 
rean conflict, however, the sequence of 
events was different. It happened that 
now manpower scarcities in the engi- 
neering field hit first and hit hard, al- 
though equally vital to the shipbuilding 
program were the materiel shortages 
soon to be felt. Somebody had miscal- 
culated, for only the summer before the 
engineering graduates of the Class of 
50 were cautioned that the profession 
was “overcrowded” and that there would 
be only limited opportunities for en- 
gineering jobs. The big grab was now on. 
Survey groups now quickly spread the 
word that engineering college enroll- 
ments were on the decline and that, for 
at least a period of the next five years, 
the number of graduate engineers would 
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continue to fall short of the nation’s 
needs in a cold war or actual conflict. 
While the United States requires a 
minimum of 20,000 graduate engineers 
annually to maintain the general tech- 
nology of the nation, and much closer to 
30,000 a year for the stepped-up de- 
mands of war and civil defense, we were 
faced with a dwindling supply of grad- 
uate engineers. In contrast with the 
58,000 graduates in 1950, it had been 
predicted that the colleges and univer- 
sities would yield only 32,000 in 1951, 
26,000 in 1952, 17,000 in 1953, and a 
low of 12,000 in 1954! These data were 
generally substantiated in surveys by 
professional societies, government re- 
search groups, and the Engineering 
Manpower Commission of the Engineers 
Joint Council. Competing’ recruitment 
teams from private industry, which had 
secured early war contracts, were al- 
ready squatting on college campuses and 
offering the prospective graduates at- 
tractive salaries, living quarters, 
bonuses, transportation expenses, and 
promises of rapid promotion. 

Within a highly competitive setting 
such as described here, what was the 
impact upon the Navy’s Bureau of 
Ships, one of the nation’s largest indus- 
trial enterprises? A non-aggressor na- 
tion, such as ours, experiences periods 
of feasting and fasting in military pre- 
paredness. Military establishments were 
well staffed with technical personnel 
during World War II. Then came vic- 
tory, hope for a peaceful world, de- 
mobilization, and a period of fasting. 
A very large number of qualified engi- 


To set the stage for both accuracy of 
chronology of the story and for inclusion 
of leading figures in the story, it is 
significant to recall two important de- 
velopments. First, almost at the very 
outbreak of conflict in Korea, a com- 
munication from the Bureau’s Inspector 
General on the West Coast, Rear Ad- 
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neers, draftsmen, and technicians were 
released in the sharp reduction-in-force 
which hit the Navy. With the outbreak 
in Korea the Bureau of Ships was soon 


‘to discover that the accomplishment of 


its mission was hampered because of 
inadequate numbers of naval architects, 
and marine, electrical, mechanical, and 
ventilating engineers. Repair, altera- 
tion, and conversion of vessels is a 
complicated business, generally, and a 
very grim business in time of war when 
the supply of naval engineers is short. 
The competition in the heavy industries 
was keen and government agencies were 
rapidly losing technical talent to private 
corporations. One had only to peruse 
the employment bulletin boards in typical 
engineering colleges or to read the ads 
in the New York Times on the east 
coast or the San Francisco Chronicle 
on the west coast to be convinced of 
the acute manpower problems ahead. 


Grave pronouncements from Wash- 
ington do not solve a manpower crisis. 
There were no adequate national man- 
power controls over engineers; there 
were no “blitz” programs for intensive 
training of engineers, such as in World 
War II. There was largely talk. The 
Bureau of Ships was determined there- 
fore, “to take the bull by the horns” in 
view of the setting described and the 
crisis which had to be met. It was de- 
termined to take inventory of its re- 
sources and to pave the way for building 
a stockpile of talent in naval engineer- 
ing which would be needed for the 
several years to come. 


miral G. C. Klein, predicted the forth- 
coming scarcity of qualified engineers 
and technicians and recommended im- 
mediate attention to the problem of 
needed personnel in the U.S. Naval 
Shipyards. Alerted to the needs, the 
Bureau urged the Shipyards, in Sep- 
tember 1950, to set in motion aggressive 


forth- 
ineers 
d im- 
m of 
Naval 
s, the 

Sep- 


-essive 


measures to increase the numbers and 
the productivity of engineering and re- 
lated personnel. Sharing in this leader- 
ship were Rear Admirals Clark and 
Dowd. In the year to follow Rear Ad- 
mirals Klein and Sylvester played vital 
roles in keeping the problem in clear 
focus and in pressing for action. 
There was another emerging develop- 
ment—the increasing evidence of leader- 
ship on the part of Commanders of the 
U.S. Naval Shipyards. The urgency 
dictated resourcefulness in the Ship- 
yards where the local pinch was felt 
most severely. There were healthy signs 
of such resourcefulness — Shipyards 
turned their attention to vigorous re- 
cruitment, studied the reasons for per- 
sonnel turnover in the engineering 
ranks, examined the backlogs of work 
and analyzed various management tech- 
niques by which the backlogs of design 
engineering work could be reduced, hired 
civil engineers and put them through a 
rotational training program leading to 
competency in a selected branch of naval 
engineering, and re-examined the po- 


To the Training Branch for Field 
Activities, Industrial Relations and 
Manpower Division of the Bureau of 
Ships had fallen the task of doing the 
spadework and preparing a blueprint 
for Bureau-wide action which would 
have the desired impact upon all U.S. 
Naval Shipyards. Although the Training 
Branch was understaffed at the time and 
had other major projects in progress, 
high priority was given to this assign- 
ment in developing a Bureau-wide pro- 
gram for Design Division personnel. 
“Operation Design” was born. Initially 
it was conceived that the project would 
be concerned primarily with naval arch- 
itects and marine engineers, since these 
professionals were very short in supply 
and stood out in clear focus in the man- 
power picture. It was not long before 
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tential of their Shipyard training pro- 
grams. The most noteworthy step taken 
by the Shipyard Commanders was the 
encouragement of selected “blue collar” 
workers, familiar with the end product 
of design work, to move into the “white 
collar” ranks as supportive personnel to 
the professional engineers. Among these 
were electricians, sheetmetal layout 
workers, machinists, patternmakers, and 
workers with mold loft experience. Some 
of these employees had a year or two of 
college studies and were well grounded 
in mathematics and physics and needed 
merely some refresher courses; others 
were anxious to continue their studies 
so as to gain an understanding of engi- 
neering theory and fundamentals. At 
another Shipyard the emphasis was 
upon advanced technical education, par- 
ticularly in the engineering problems re- 
lating to submarine craft. For all these 
encouraging signs, there was still need, 
however, for a comprehensive Bureau- 
wide program to meet the crisis in man- 
power for naval engineering. 


it became evident that all related pro- 
fessional and sub-professional Design 
Division personnel would have to be 
incorporated: engineers in all branches ; 
draftsmen; shop men with potential for 
movement into the “drafting room” 
environment; and, others associated with 
the product of design engineering. 


Exploration got under way immedi- 
ately. Although too detailed for full 
narrative here, it is well to indicate the 
exploratory steps taken in order to 
comprehend the problem fully and real- 
istically. They may be listed in this 
sequence: analysis of Bureau-Shipyard 
correspondence on the problem; exam- 
ination of job analyses and job descrip- 
tions relating to Design Division opera- 
tions and _personnel; study of reports 
of turnover of engineering personnel, the 
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extent and the causes; participation in 
high level manpower conferences in 
Washington; study of measures taken 
during World War II to meet scarcities 
in technical manpower ; analysis of the 
potential strength of the Training Divi- 
sions in the Shipyards to undertake 
large scale training of “IVb” personnel 
(professional, scientific, administrative, 
technical, and clerical) ; analysis of the 
capacity of our colleges and universities 
to produce graduate engineers with po- 
tential for naval engineering duties; 
“corn-cob” conversations with Bureau 
personnel on Design Division personnel 
and their needs; and, finally, trips to 
selected U.S. Naval Shipyards on the 
east and west coasts, where informal 
conversations were held with Shipyard 
Commanders, Design Superintendents, 
Head Engineers, Training Superintend- 
ents, and others. Most significant was 
the scrutiny exercised in reading the 
trip reports of these field visits, par- 
ticularly in separating the wheat from 
the chaff and in identifying that which 
was purely local and that which re- 
flected a universal condition in Design 
Divisions. Headquarters analysis of the 
reports paved the way for isolating the 
bottlenecks which might impede prog- 
ress in meeting this manpower crisis. 
So much for inventory taking. 


Inevitably probing of this kind yields 
enough evidence by which one can be- 
gin to catalog the assets and the liabili- 
ties, the free channels and the bottle- 
necks, the courage and the timidity. 
Foremost in the minds of the Bureau 
officials was this question: What are 
the bottlenecks ? In brief, the bottlenecks 
found may be described as follows: (1) 
the tendency to regard the scarcity of 
engineering personnel as merely a tem- 
porary condition; (2) the memory of 
relatively recent lay-offs of personnel 
and the problems of human relations in- 
volved which, obviously, made the Ship- 
yards incline toward conservatism in 
hiring more engineering personnel de- 
spite the Bureau’s encouragement to do 


more active hiring; (3) inertia in 
“breaking in” new Design Division em- 
ployees, with the resultant loss of em- | 
ployee time in feeling his way around 
and in moving slowly toward product- 
iveness; (4) a generally passive atti- 
tude of the Design Division toward 
training of personnel, probably born of 
tradition and because of precedent in 
easy procurement of graduate profes- 
sional engineers from the colleges and 
universities; and; (5) a tendency to 
camouflage the real manpower utiliza- 
tion problem by placing blame upon the 
Civil Service Commission regulations 
governing engineers in the Federal 
Service and upon private industry’s 
competition in recruiting engineers. 
Furthermore, training of “IVb” per- 
sonnel was a relatively new frontier in 
Shipyard training and Design Divisions 
lacked the know-how of effectively or- 
ganized on-the-job training of personnel. 
Perhaps the most restrictive bottleneck 
was the attitude of Design Division 
management that “not-a-man-can-be- 
spared” from the drafting board which, 
in effect, perpetuated the cycle of mini- 
mum performance the hard way. Not all 
the arguments advanced for the bottle- 
necks were untenable, to be sure. Back- 
logs of design engineering work were 
mounting, however, and logic was no 
substitute for action. 


On the other side of the ledger there 
were very significant assets and re- 
sources—enough to negate some of the 
bottlenecks and to rally the forces to- 
ward a positive and aggressive fight in 
facing the manpower crisis. Most 
valued of the assets was the Bureau’s 
fine tradition of training over the many 
years. Men of the various trades and 
crafts, artisans, draftsmen, shop fore- 
men, and others came into occupational 
maturity largely because of the progres- 
sive industrial training to be found in 
the U.S. Naval Shipyards. A good, 
firm road to training had been built. 
There would be little likelihood of re- 
sistance to the use of this road, now, by 
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the professional engineers and other re- 
lated technical personnel. Second, the 
Navy already had authority in the cur- 
rent Defense Appropriation Act which 
made funds available, if needed, for the 
in-service education and training of 
engineers, scientists, technicians, and 
other personnel. The Navy’s Office of 
Industrial Relations had formulated, on 
the basis of this legislative authority, 
carefully considered provisions by which 
an engineer, for example, could further 
his own professional education when 
such advancement was in the interest of 
the Navy and national defense. Third, 
the Engineering Duty Officers, serving 
in the strategic billet of Design Super- 
intendent, were themselves products of 
organized education and training—and 
there was little doubt but that they 
would be both sensitive and responsive 
to the need for engineering training of 
the civilians under their jurisdiction in 
order to attain maximum use of their 
abilities and gain maximum _produc- 
tivity. Fourth, in each of the U.S. Naval 
Shipyards there was already a nucleus 
of civilian professional engineers who 
could be counted on for germinating 
ideas and participating actively in rais- 
ing the level of their inexperienced 
associate just out of college. Their role 
would be an important one in maintain- 
ing the standards of naval engineering. 
Fifth, although naval engineering is a 
creative profession it was recognized 
that in the work of design engineering 
in a U.S. Naval Shipyard there exist 
many repetitive processes, accepted sets 
of drawings, specifications, and ortho- 
dox procedures which lend themselves to 
standardization. Wherever standardiza- 


tion exists, even in some measure, it: 


suggests the ease of quick training for 
performance of the repetitive processes 
involved in a job. Indeed, it also sug- 
gests tasks which are not truly profes- 
sional in character and which can well 
be delegated to semi-technical personnel 
supportive of the engineers. New per- 
sonnel, professional and sub-professional, 
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could quickly be given in-service train- 
ing in these phases of the work and 
consequently lead to early productivity. 


Sixth, difficult as the manpower situa- 
tion was there were still few organiza- 
tions in the nation which could offer 
richer opportunities for professional 
growth than a U.S. Naval Shipyard. 
Many: engineering specialties were there 
for the asking—electrical, mechanical, 
ordnance, marine, structural, air condi- 
tioning, heating and ventilating—and 
even specialties within specialties. The 
very scope and depth of the offerings, 
and the opportunity to rotate and get 
the “feel” of more than one branch of 
engineering, was in itself a recruitment 
lure for young engineers. Seventh, in 
each of the Shipyards there was to be 
found a wealth of instructional talent. 
No need to go overboard on the use of 
outside instructional services of neigh- 
boring colleges or universities, except 
where the training could be done there 
more economically or more effectively. 
The many professional engineers with 
years of intensive experience in naval 
engineering constituted a faculty that 
could hardly be equalled by most aca- 
demic institutions. They constituted a 
valuable resource for any planned train- 
ing program for engineering personnel. 
Since they were to be found in all 
echelons in the Design Division, they 
could be called upon for assistance in 
orientating young engineers, in instruct- 
ing selected personnel in after-work 
courses once or twice a week, and for 
their part in that remarkable process 
of osmosis by which the disciple draws 
from the master. The learning process 
and the adaptability of graduates fresh 
out of engineering colleges would be 
accelerated. With such professionals in 
our ranks the shift from general to naval 
engineering would not be too difficult 
for beginning engineers. 

To be sure, there were other assets 
and resources which were not over- 
looked. For example, the high quality 
of cooperation of the U.S. Civil Serv- 
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ice Commission and the Area Wage 
and Classification Offices; the savvy of 
the Training Superintendents in the 
U.S. Naval Shipyards ; the very urgency 
of the manpower problem itself in a 
time when our nation as a member of 
the United Nations was at war with a 
calculating enemy; the good liaison re- 
lations of the Shipyards with the voca- 
tional and technical schools in their 


“Operation Design” was, quite defi- 
nitely, born with benefit of clergy. It 
was the offspring of a union of naval 
engineering experts and training special- 
ists in the Naval Shipyards. They had 
been courtin’ for much too long a 
period, and it was a belated marriage, 
to be sure, but a very welcome one. 
Family support came from other officials 
expert in the fields of employment, 
wages and classification, training, apti- 
tude testing and personnel selection, 
manpower utilization, engineering edu- 
cation, employee counseling, and man- 
agement. The roster of participants 
which appears in the Proceedings of the 
Conference on Design Division Train- 
ing, a recent publication of the Bureau 
of Ships, is a significant list of those 
in attendance at the baptismal rites. 

“Operation Design” was comprehen- 
sive in its blueprint for recruiting, train- 
ing, utilizing, and retaining naval engi- 
neers and supportive technical person- 
nel; indeed, so comprehensive as to 
make any full discussion prohibitive for 
an issue of the JourNAL. It would be 
more fitting, therefore, to marshal the 
cardinal principles upon which the total 
program was based. Each of the prin- 
ciples and related highlights is treated 
briefly in this discussion. 

1. National security. The entire pro- 
gram was predicated upon the principle 
of national security. This was not 
just another training project. To re- 
gard it as such would be to commit a 
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localities where refresher courses in 
trigonometry, blueprint reading, use of 
drafting instruments, etc., were available 
for the training of semi-technical per-— 
sonnel of the Design Divisions; and, 
finally and most forcefully, the mandate 
of the Bureau of Ships that we were 
engaged in hostilities and that ships 
must be repaired and altered so that 
they shall go to sea. 


fundamental error. There would be no 
embroidery and no flowery objectives. 
Backlogs of design engineering work 
were not in the best interests of national 
defense and this was to be a determined 
effort, through training and utilization, 
to develop personnel who could help cut 
into the existing backlogs. The notion 
that any kind of training would be bet- 
ter than none was not tolerated. We 
were engaged in filling needs in national 
security, not in education padding. This 
was to be clearly understood by all 
parties. 


2. Incentives. Adequate incentives 
must be provided in order to recruit 
and retain naval engineering personnel. 
In a competitive market for engineering 
talent, such as described earlier in this 
paper, it is quite costly for a Federal 
agency to recruit, suffer turnover or 
loss of personnel, and to recruit again. 
It would be a safe assertion that bring- 
ing a naval engineer on board reaches 
a cost of more than seven hundred dol- 
lars—time expended in per capita re- 
cruitment, wooing, correspondence, per- 
sonnel processing, FBI loyalty investiga- 


‘tion and ONI check, orientation in the 


new Design Division environment, 
supervisory time expended, salary until 
such time that the new employee be- 
comes productive, and other items. An 
engineer worth recruiting should, if he 
has the stuff, be worth retaining. Re- 
tention success is dependent upon var- 
ious factors, of course, but notably upon 
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the presence of incentives and job satis- 
faction. The naval engineer in a U.S. 
Naval Shipyard finds himself in a dual 
role—as a professional and as a Federal 
employee. What incentives does the new 
Design. Division manpower program 
offer a young naval engineer in order to 
retain him? By the instrument of the 
Special Promotion Agreement author- 
ized by the U.S. Civil Service Commis- 
sion and detailed in the Federal Person- 
nel Manual, first, a deserving employee 
can be promoted to successively better 
positions within reasonably short 
periods. Such accelerated pace is pos- 
sible either in local or Bureau-wide 
agreements by which, through a sys- 
tematic training plan for upgrading, an 
employee can be brought up to the point 
of qualifying for promotion. Another 
key incentive is found in the determina- 
tion that more attention will be given 
to the matter of assigning professional 
duties to the professional engineer. More 
specifically, an effort would be made to 
avoid his placement at the “drafting 
board” for unreasonable periods of time, 
although it is recognized that his early 
months in a Design Division will neces- 
sarily involve some concentrated work 
at the “drafting board” as an introduc- 
tion to the ways of naval architecture 
and engineering. The engineer’s resent- 
ment at continual “drafting board” 
duties had long been a sore spot and a 
demoralizing factor, let alone a contra- 
diction in manpower utilization. 


Further incentive is lodged in the 
opportunities for continued engineering 
education if, in the judgment of the 
Shipyard officials, the academic work is 
clearly related and deemed necessary to 
his present or anticipated duties. Tui- 
tion at Government expense or time off 
for such studies, or both, when approved 
by the Shipyard officials are available to 
the selected employee at an educational 
institution of his choice. Incentive is 
further heightened because of the 
emergence of a sense of professionalism 
in the Design Division. Regardless of 
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the background of the practitioners in 
the Design Division, the young naval 
engineer finds himself in an environ- 
ment where seminars and institutes on 
special engineering subjects are held, 
distinguished lecturers are invited, mem- 
bership in local engineering groups and 
societies is open, professional counsel- 
ing is available, publication of scientific 
papers is encouraged, and other oppor- 
tunities for professional identity exist 
in the emerging program. Other incen- 
tives exist, as part of. the in-service 
training program, by which one can 
broaden his professional vision and at- 
tain greater competency in his current 
professional assignments. in the Ship- 
yard. Pre-supervisory training as a 
step toward preparedness for super- 
visopry responsibilities over other naval 
engineers is another significant incen- 
tive. In summary, the blueprint for 
“Operation Design” gave major atten- 
tion to the question of incentives as a 
vital factor in meeting the manpower 
crisis in naval engineering. 


3. Coverage of all echelons. A car- 
dinal principle in “Operation Design” is 
the agreement that every echelon will 
be exposed to the instruments by which 
maximum utilization of manpower is to 
be achieved. Incorporated into the pro- 
gram, therefore, were general drafts- 
men, draftsmen highly skilled in spe- 
cialized branches, engineering aides, 
junior engineers, professional engineers 
experienced in naval engineering, naval 
architects, unit and section supervisors, 
and branch heads and others in the 
higher echelons of the Design Division. 
In addition, included in the comprehen- 
sive program were experienced me- 
chanics, patternmakers, and other “blue 
collar” workers in the Shipyard inter- 
ested in, qualified, and selected for 
technical duties in the Design Division; 
also, co-op students from cooperative 
engineering colleges, engineering stu- 
dents available only for summer employ- 
ment, and women well qualified for per- 
formance of drafting work. From the 
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very outset it was clear that, if the 
U.S. Naval Shipyards were to accom- 
plish their mission and reduce the back- 
logs of work appreciably, “Operation 
Design” must be concerned with the 
total working force of the Design Divi- 
sion and not merely a segment. Every 
pipeline of recruitment had to be opened 
if we were to procure professionally and 
technically trained personnel in sufficient 
numbers. While the program did not 
encourage frugality neither did it en- 
courage indiscriminate or unsound tap- 
ping of recruitment sources. Each pipe- 
line was carefully examined for its po- 
tential value as a source of manpower 
supply for the Design Division. Some 
experimental efforts in tapping these 
pipelines had already been carried on 
in the Boston, Mare Island, San Fran- 
cisco, and Puget Sound Naval Ship- 
yards—and with some measure of 
success. 


4. Gamut of industrial relations A 
significant principle of the program was 
the insistence that this shall not be a 
token, “flash in the pan” recruitment 
drive. “Operation Design” called for 
comprehensive and sustained industrial 
relations — sound recruitment, well 
planned placement of personnel, identi- 
fication of training needs and develop- 
ment of appropriate training programs 
by line supervisors, interpretation of re- 
lated employment problems and liaison 
with the U.S. Civil Service Commission 
and the Area Wage and Classification 
Offices in the various regions, arbitra- 
tion of classification questions, active 
counseling, monitoring of manpower 
utilization methods, and the use of all 
constructive measures in retaining the 
qualified and competent personnel. The 
Bureau was committed to assist, in staff 
capacity, at all possible points in this 
sustained industrial relations program 
for the Design Divisions. With the de- 
clining ‘curve of graduate engineers from 
the colleges for the next five years or 
more, and, with continuance of hostili- 
ties which might keep this nation in a 
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state of military tension for a number 
of years, it was evident that a prolonged, 
sustained, and active industrial relations 
effort would be required to meet the 
demands of the Navy. No one phase of 
personnel administration or industrial 
relations was to have a monopoly on 
the program. “Operation Design” was 
too big a venture to be risked by any 
attitude of transiency or provincialism. 


5. Multiplicity. Significant among 
the principles underlying “Operation 
Design” was that of multiplicity. There 
is no single formula by which the com- 
plex problem of manpower deficiency 
can be solved. The manpower problem, - 
with respect to naval engineering, had 
its legal, psychological, administrative, 
economic, military, and even historical 
aspects—obviously, it didn’t lend itself 
to some easy, simple, capsule solution. 
Accordingly, there was need for mul- 
tiple projects running concurrently 
rather than any one. 


In view of the echelons to be covered 
in the program, “Operation Design” 
would entail the use of internal and ex- 
ternal resources, formal academic 
courses and informal training sessions, 
instruction at the pre-collegiate level for 
the beginning draftsman to the univer- 
sity level for the engineer specialist, the 
printed word and the motion picture as 
media, and trial runs and seasoned ef- 
forts in training. In short, any device 
or project which had possibilities for 
training Design Division personnel eco- 
nomically and effectively, with minimum 
loss of productive time, was to be en- 
couraged. Except for the designation of 
one uniform program for pre-engineer- 
ing training in which the Bureau was 
particularly interested, the U.S. Naval 
Shipyards were free to release all their 
ingenuity, resourcefulness, and know- 
how in developing training programs 
best suited for their own on-board and 
new personnel in the Design Division. 
Inherent in this principle of multiplicity 
was also the principle of freedom of 
action. Of course, the Shipyards had to 
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be guided by Navy-wide policies govern- 
ing employee development so that there 
would be no abuse of the authority 
granted by the Congress. One thing was 
paramount: every U.S. Naval Shipyard 
was to know the urgency of the prob- 
lem as set forth by the Chief of Bureau 
of Ships and the responsibility it was 
to bear in meeting this manpower crisis. 
The gospel having been spread, each 
Shipyard was free to demonstrate what 
could be done to meet its needs for naval 
engineering manpower. 

It is well to indicate, for purpose of 
clarity, that the multiple training efforts 
would fall into seven categories gener- 
ally recognized: On-The-Job Training; 
Pre-Professional or Sub-Professional 
Training; Professional Development; 
Supervisor Development; Executive 
Development; After-Work Training; 
and, Orientation Training. Consistent 
with the Bureau’s philosophy of train- 
ing, the greater share would fall within 
the framework of On-The-Job Training. 
However, the other areas were to be 
exploited as fully as any Shipyard 
deemed necessary for its part in “Oper- 
ation Design.” 

6. Fusion of talent. It was recog- 
nized that the typical Design Division 
is a hybrid of professional and homebred 


. naval engineers—the latter outnumber- 


ing the former. By specifications of the 
U.S. Civil Service Commission both 
are regarded as qualified practitioners. 
This was no time for semantics, draw- 
ing fine distinctions of professionalism, 
or soul searching. The crisis called for 
emphasis on identity of purpose, not 
difference of background. 

One of the guiding principles of 
“Operation Design,” therefore, was the 
concept of fusion of talent, whether 
professionally acquired in a formal col- 
lege of engineering or home-grown in 
the Shipyard. Each had something to 
learn from the other—the academic man 
from the veteran ship designer, and 
vice versa. Furthermore, the young 
draftsmen and junior engineers in the 
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Design Division had something to learn 
from both. That Design Division 
thrives best where there exists this 
fusion of the best brainpower and sea- 
soned experience of both types of naval 
engineers. 

The little men and the bureaucrats 
prone to dismiss “Operation Design” 
as just another directive from Washing- 
ton, the starry-eyed young officers im- 
patient with Federal personnel regula- 
tions and practices, the Training Super- 
intendents accustomed to a slow pace 
and standard timetables of employee de- 
velopment—none of these were to im- 
pede the over-all effort of the mission. 
The choice was clear: either a fusion 
of all available talent to meet the man- 
power crisis, or, rising backlogs of de- 
sign work. To deny this principle would 
be to deny the mission. 

7. Movement. Movement is the dy- 
namics of any manpower utilization pro- 
gram. To preach optimum use of the 
talent of men is one thing; to make pos- 
sible opportunities for such full utiliza- 
tion of talent is quite another thing. 
Movement is the essence of fulfilled 
opportunities. This was to be a cardinal 
principle of the program. Shop men, 
qualified and well recommended, were 
to have opportunity to move into the 
white collar ranks as draftsmen; drafts- 
men, having demonstrated their worth 
as supportive personnel and showing 
potential for sub-engineering duties, 
were to have the opportunity to move 
into the engineering ranks as engineer- 
ing aides; engineering aides who, in 
the judgment of supervisors and the 
Design Division Training Committee 
show real promise as future engineers, 
were to be given the opportunity for 
movement into the professional ranks 
of the Division. Finally, professional 
engineers engaged in highly specialized 
assignments would, for the benefit of 
the Navy and for their own professional 
advancement, be given the opportunity 
to study under the nation’s foremost 
instructors in these specialized fields of 
engineering. 
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Cumulative work experience and 
formal courses in engineering theory 
and fundamentals, for draftsmen well 
grounded in mathematics and physics, 
would qualify them as Engineering 
Aides. The instrumentalities: first, a 
Core Engineering Curriculum (the 
equivalent of a pre-engineering cur- 
riculum, with an option for selection of 
one of the recognized branches of engi- 
neering) ; second, a Special Promotion 
Agreement involving on-the-job expe- 
rience and demonstrated performance 
of fitness. Those who had successfully 
completed the Core Engineering .Cur- 
riculum, and were screened by the Ship- 
yard Officials as worthy of further 
opportunity for advancement, could en- 
ter into a series of post-core engineering 
studies more closely related to profes- 
sionalism and specialism. In summary, 
preparedness through combined expe- 
rience and formal studies would en- 
gender movement, movement would 
generally lead to upgrading, and up- 
grading would yield the most in the 
form of maximum utilization of abili- 
ties. These were the ingredients of the 
principle as set forth. 


One further observation: the principle 
was not to be viewed as an idealistic 
concept of ‘personnel administration. It 
was to serve an end in behalf of na- 
tional security. To put it bluntly in 
terms of manpower requirements, it 
could be stated in this way: half an 
engineer is better than none, particu- 
larly when he has completed the disci- 
pline of pre-engineering studies in 
mathematics and physics and is fortified 
with on-the-job counsel daily and with 
practical experience in the Design 
Division and on board the ships at the 
waterfront; before long these  sub- 
professionals would constitute an eche- 
lon of Engineering Aides capable of 
rendering thousands of man-days of 
high level drafting and lower level 
engineering duties. This would relieve 
the professional engineers of many of 
the chores and would release them for 


the more creative and more urgent 
assignments more genuinely of the pro- 
fessional engineering kind. 


8. Coordination. Finally, coordina- 
tion of the multiple projects was ac- 
cepted as one of the significant prin- 
ciples. Here was the typical Design 
Division: some 400 employees (with 
some of the larger U.S. Naval Ship- 
yards having as many as 700 on board) ; 
composed of a number of units, sections, 
and branches; representing each of the 
specialties in naval engineering; em- 
ploying various levels of professional, 
sub-professional, and technical person- 
nel; and, encumbered with problems as- 
sociated with backlogs of design work. 
In view of the scope, diversity, and 
movement, therefore, it was imperative 
that one key line official keep his finger 
on the pulse of the program. 


The Bureau proposed the establish- 
ment of a new position—a Design 
Training Coordinator in the Design 
Division of the Shipyard. The Ship- 
yards represented in the Conference on 
Design Division Training immediately 
sensed the strategic value of such a 
position in getting things moving 
quickly and effectively. The Design 
Training Coordinator was to be pri- 
marily an engineer, either a graduate 
engineer or one recognized for his prac- 
tical engineering-administrative expe- 
rience in a Design Division; in addition, 
he was to have particular competency 
in on-the-job training of engineers, 
draftsmen, and technical personnel; he 
was to have the personal qualities which 
make him readily acceptable and the re- 
quisites which command prestige in his 
relations with unit, section, and branch 
officials in the Division. Most impor- 
tant, he was to function as a line of- 
ficial, reporting directly to the Head 
Engineer and maintaining active liaison 
with the Design Division Training 
Committee and the Training Division of 
the Shipyard. 


In light of the principle of full mobili- 
zation of industrial relations in the pro- 
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gram, the Design Training Coordinator 
would not only develop and administer 
the Division’s training program but 
would also participate in the closely 
allied functions of recruitment, place- 
ment, and counseling of Design Division 
personnel. Finally, he would join the 
Training Superintendent in the Ship- 
yard’s liaison with local engineering 
colleges and universities, with specific 
advisory responsibilities on problems of 
technical content and related technical 
questions involved in the academic phase 
of “Operation Design.” The responsi- 
bilities and duties of this new position 
were deliberately spelled out in a lengthy 
position-description of some nine pages, 
in order that there be full understanding 
of the incumbent’s role and that the 
Shipyard exploit fully the potential of 
the position in achieving maximum 
utilization of the engineering and tech- 
nical talent in the Design Division. 
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Serving in its traditional staff capac- 
ity, the regular Training Division of 
the Shipyard could hardly meet this 
crisis in naval engineering manpower. 
The day called for a strong “inside man” 
—a highly qualified engineer-educator 
who was directly in the interna of the 
Design Division and who could scout 
the situation daily, could. identify the 
needs of the personnel, confer with su- 
pervisors and key officials for launching 
and promoting the projects, help formu- 
late the necessary training plans, moni- 
tor the training operations, serve as a 
counselor for engineering and technical 
personnel, gauge the results, and report 
to the Head Engineer and the Design 
Superintendent the progress and prob- 
lems. in “Operation Design” in the par- 
ticular Shipyard. The Training Divi- 
sion of the Shipyard would, as a staff 
resource, assist and reinforce the total 
effort wherever possible to do so. 


MEETING OF MINDS 


The principles enunciated here were 
the products of a meeting of minds 
among Shipyard Commanders, Head 
Engineers, Training Superintendents, 
and Design Superintendents of the U.S. 
Naval Shipyards, Bureau of Ships of- 
ficials, officers of the U.S. Civil Service 
Commission, and officials of the Navy 
Department's Office of Industrial Rela- 
tions. The greater number of representa- 
tives, of course, were from the U.S. 
Naval Shipyards. The meeting of minds 
took place in a conference of three days, 
the Conference on Design Division 
Training, held in Washington, June 
4-6, 1951. 


Apart from the principles to guide 
the total program, other business was 
covered in planning the attack on sev- 
eral fronts. While it is not possible to 
reconstruct here the give-and-take dur- 
ing the three days of conference, it is 
appropriate to indicate some of the im- 
portant items of the agenda and the 
hurdles to be cleared. At the very out- 
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set there was full and free discussion 
so that “line” and “staff” could resolve 
any differences in their concept of 
tackling this difficult manpower prob- 
lem. Then, much attention was given 
to the impact of such a comprehensive 
program upon existing policies and prac- 
tices in recruitment, position classifica- 
tion, salary, Civil Service Commission 
employment standards, etc. Attention 
was focused on the key personnel in the 
administration of “Operation Design” 
in a Shipyard: namely, the top man- 
agement officials (Planning Officer, De- 
sign Superintendent, and the Head 
Engineer); the Design Training Co- 
ordinator as the “inside man”; the 
Training Specialist for IVb Personnel 
as the “outside man” for the Shipyard 
Training Division; and, the Design Di- 
vision Training Committee. Two major 
questions were probed, furthermore: 
(a) What are the needs of the aca- 
demically trained man who lacks prac- 
tical experience in Design Division 
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work? (b) What are the needs of the 
practical Shipyard man who lacks aca- 
demic underpinning in principles and 
theory in engineering? And for each— 
What can be done to increase their 
competence and productivity ? Consider- 
ation was given to the identification of 
the needs of each group, the types of 
training best suited to meet the needs, 
the particular type of counseling re- 
quired, and other pertinent matters. 
Other phases also commanded ‘much at- 
tention—e.g., training to improve the 
competence of Design Division super- 
visors; work simplification programs 
applicable to the Design Division ; train- 
ing for improved writing of technical 
reports; and, experiences in manpower 
utilization. 
Concern with large numbers of per- 
sonnel did not blind the conferees to an 
equally significant question—that is, the 
qualitative aspect of performance. In- 
creased numbers alone do not solve a 
problem; there must also be minimum 
loss through error, accuracy, complete- 
ness, and independent effort in the work 
performance. Particularly in the higher 
echelons of naval engineers was there 
need for specialized training and ad- 
vanced education. Keeping abreast of 
the most recent developments in naval 
engineering, utilizing the products of 
research and experimentation, intensi- 
fying the discipline of naval engineer- 
ing, avoiding any tendency to grow 
stale in the job—these were important 
elements, too, in the program. Repre- 
sentatives of the Portsmouth Naval 
Shipyard, who had done some pioneer 
work in plotting the course for advanced 
education and technical training of pro- 
fessional naval engineers, made signifi- 


SIGNS OF 


Man plants a seed in the hope of reap- 
ing a harvest. The total program was 
envisioned as a three-year effort which 
would involve some 3,000 employees en- 
gaged in naval engineering, drafting, 
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cant contributions to the Conference— 
as did other representatives. Beyond 
quality of performance in naval engi- 
neering there is also the element of 
creativity or originality in design engi- 
neering. The Bureau of Ships, the 
world’s largest organization concerned 
with ship construction, repair, altera- 
tion, and conversion, needed professional 
engineers who could not only perform 
the task of today but also to dream of 
the design of tomorrow. Vision, a rest- 
lessness to probe for new ways, the crea- 
tive spark, deep insight into technologi- 
cal problems associated with design en- 
gineering—these qualities were not to 
be overlooked in the pursuit for greater 
numbers to whittle down the backlogs 
of work. This, too, was manpower 
utilization at the highest professional 
level. 


The logistics of “Operation Design” 
involved, too, planning for the most 
scientific means of screening and sifting 
employees for potential upgrading, an 
analysis of the total numbers involved 
and their distribution among the U.S. 
Naval Shipyards, certification, super- 
visory follow-up, analysis of alternative 
plans for training draftsmen as support- 
ive personnel to the naval engineers, 
and methods for recording and report- 
ing progress and problems. The Con- 
ference on Design Division Training, 
which served as the pooling of expe- 
riences and views, afforded full oppor- 
tunity for discussion of the logistics of 
these matters. Techniques for integrat- 
ing parts of the program with the facili- 
ties of local colleges and universities 
also merited considerable analysis and 
discussion. 


HARVEST 


and related duties in the eleven U.S. 
Naval Shipyards. At this: writing, only 
four months after the Conference meet- 
ing of minds and agreement upon prin- 
ciples and blueprint for action, ob- 
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viously, it is too early for the harvest 
season. Nevertheless, the men who plant 
the seed and till the soil are proud of 
early signs of growth, even long before 
the full harvest is in view. The purpose 
of the final section of this paper, there- 
fore, is to disclose early evidences of 
growth—representative results of the 
program at this very early date. 


With respect to recruitment gains, it 
is clear that for fiscal 1952 more than 
500 persons have already been recruited 
since July 1, 1951—and that the aggre- 
gate figure may be closer to 850 new 
Design Division employees before the 
initial year is out. Although there has 
been no survey made of recruitment 
gains Bureau-wide, from secondary 
sources it has been ascertained that 100 
employees have been recruited at the 
Puget Sound Naval Shipyard, close to 
100 at the San Francisco Naval Ship- 
yard—practically the capacity manage- 
able with the present supervisory staff 
in the Shipyard—more than 100 at the 
Pearl Harbor Naval Shipyard, and sig- 
nificant numbers in other U.S. Naval 
Shipyards. These data relate to De- 
sign Division personnel, exclusively. 
Aggressive recruitment is in evidence. 


Systematic and well planned orienta- 
tion of new Design Division employees 
is now becoming universal in the Ship- 
yards. This is a keynote of good in- 
dustrial psychology and, it is hoped, the 
kind of first impression which goes a 
long way in retention of employees. 
New employees now have the opportun- 
ity to tour the Design Division, visit re- 
lated shops, witness basic films on naval 
design and construction, listen to in- 
formative lectures by top echelon super- 
visors describing the responsibilities and 
work flow of their respective units, sec- 
tions, and branches of the Design Di- 
vision, and in other ways be exposed to 
the best kind of induction. The San 
Francisco Naval Shipyard has published 
a Design Information Handbook, as an 
instrument for orientating new employ- 
ees so that they can most readily adapt 
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themselves to new Shipyard environ- 
ment. The New York Naval Shipyard 
is revising its series of basic lectures in 
the orientation program and copies are 
distributed to the new employees. The 
Portsmouth Naval Shipyard has in- 
cluded, in addition to its own Design 
Division officials, outside lecturers ex- 
pert in the field of submarine craft and 
related fields. In addition to the orien- 
tation program proper, the Norfolk 
Naval Shipyard and the Philadelphia 
Naval Shipyard make known to the new 
employees opportunity for refresher 
courses in the after-work program of 
the Shipyard ; other Shipyards have done 
this equally effectively. Commendable 
orientation programs, as devices for the 
initial effective stroke in manpower 
utilization, are on the rise: the ingredi- 
ents include information regarding regu- 
lations and privileges in the Federal 
service; overview of the U.S. Naval 
Shipyard; intimate view of the work of 
a Design Division; nomenclature; and, 
the opportunity to meet with and listen 
to presentations by the most informed 
officials in the Shipyard. 


On-the-job training, the heart of the 
entire Shipyard training and utilization 
program, constitutes approximately 90% 
of the total training effort. This com- 
pares very favorably with the best in- 
dustrial training practices. Design 
Training Coordinators are actively de- 
veloping on-the-job training and coun- 
seling techniques which will make the 
employee as productive as_ possible 
within the shortest period of time. 
Furthermore, “Work Methods Improve- 
ment” courses and projects are under 
way—there is good reason to believe 
that the impact will be felt in the De- 
sign Divisions and that greater em- 
phasis upon job analysis and upon labor- 
saving devices will be reflected in on- 
the-job training. 

At the professional level, too, there 
is much activity. During this past sum- 
mer seven U.S. Naval Shipyards sent a 
total of 55 engineers to Massachusetts 
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Institute of Technology for short courses 
in naval architecture, marine engineer- 
ing and specialized courses in servo- 
mechanisms, lubrication, corrosion, and 
related subjects. The Norfolk Naval 
Shipyard has several electronics engi- 
neers enrolled in specialized courses in 
neighboring universities. All of these ad- 
vanced technical education projects 
spring from the needs and requirements 
of the naval activities and the individ- 
uals are selected because of their par- 
ticular background, experience, current 
assignments, and recommendations of 
their supervisors. © 


The Core Engineering Curriculum, 
designed to provide an academic under- 
pinning in pre-engineering for Design 
Division employees lacking such back- 
ground, has been incorporated in the 
utilization programs of the majority of 
the shipyards. Contacts with more than 
fifteen colleges are involved in the 
maturation of this important phase of 
the program. 


Active programs are under way in 
the Shipyards for conversion of selected 
engineers into Naval Architects, devel- 
opment of Engineering Aides (Mechan- 
ics and Hydraulics) from selected shop 
personnel, and training of journeymen 
so that they can qualify for semi-techni- 
cal work in the Design Division. At the 
Mare Island Naval Shipyard arrange- 
ments have been made for a comprehen- 
sive training program for engineering 
personnel, including the core and post- 
core courses to be offered through the 
facilities of the University of California 
and Vallejo College. Prior to “Opera- 
tion Design,” to be sure, the Mare Island 


Naval Shipyard had made original and 
significant advances in meeting the man- 
power problem. The Norfolk Naval 
Shipyard has embarked upon a clearly 
stated and well conceived program for 
the use of “co-op” students from four 
engineering colleges. This is a pioneer 
effort on the part of the Norfolk Naval 
Shipyard and one which has won the 
commendation of the Bureau and of 
the U.S. Civil Service Commission. It 
demonstrates unusual resourcefulness in 
tapping available pipelines of supply of 
engineering talent. The Bureau’s In- 
dustrial Relations and Manpower Di- 
vision has completed several significant 
surveys designed to correlate data which 
serve as valuable raw material in assist- 
ing the U.S. Naval Shipyards in matters 
of employment, testing, and classifica- 
tion. 


There is an abundance of fertility of 
thinking and capacity for vigorous ac- 
tion, as demonstrated, in the U.S. Naval 
Shipyards. They are meeting the crisis 
head-on in a sound, vigorous, and far- 
reaching manner. This is only the be- 
ginning. 


In essence, this is the documentary 
account of how the U.S. Naval Ship- 
yards attempted to meet a manpower 
crisis in naval engineering. It is hoped 
that in due time an equally exciting 
documentary will be written of the actual 
results and achievements. The:acid test 
is yet to come—the determination of 
whether the added manpower and the 
utilization of the talent will yield the 
desired results. There is good reason 
to believe that the U.S. Naval Ship- 
yards will meet the test. . 
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SUMMARY 


This report introduces a statistical 
method of handling complex experi- 
mental data into the field of Naval 
Architecture. The method, multiple fac- 
tor analysis, is a form of dimensional 
analysis, and is strictly a mathematical 
study of the experimental results to find 
overall relationships between groups of 
variables. It is a logical tool that can 
present very complex information in 
such a form that interpretation of the 
information is appreciably assisted. This 
report uses data obtained in seaway 
simulation tests performed by a self- 
propelled oil tanker model (TMB No. 
4057) at the U. S. Naval Experimental 
Model Basin.1* 


The three objects of the report are 
as follows: 


(a) To present the method, to- 
gether with its major objects, as- 
sumptions, and limitations; 


(b) To present a few results of 
attack of the seaway simulation test 
data as examples of the method’s use. 
It should be noted that the intent was 
to illustrate the method. For this 
reason, the factor analysis was not 
carried to beyond these 
aims ; 


(c) To describe. procedures used 
in obtaining these results in sufficient 
detail to provide an insight into the 
mechanics of its operation. In view. 
of the nature of the method; a brief 
mathematical text is included to as- 
sist in its understanding. 


- * All numbered references will be found on pages 829 and 830. 
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OUTLINE OF RESULTS 


As noted in the summary, this report 
is intended to illustrate the multiple 
factor method.? The illustrative uses of 
the method are as follows: 


(a) Resonant pitch oscillation of 
the model was confirmed in a large 
number of test runs ; 

(b) For resonant pitching, the 
period of the pitch divided by the 
period of wave encounter tended to 
be one of the simple ratios 1/2, 
1/1, 3/2; 

(c) After accounting for the ef- 
fects of displacement on pitch and 
heave behavior from still water stand- 
ardizing runs, the effects of displace- 
ment under simulated seaway condi- 
tions were almost entirely accounted 
for by a simple relation found to exist 
between displacement, average pitch 
angle and velocity of encounter ;* 

(d) The maximum observed angu- 
lar velocities of pitching are associ- 
ated with thrust values a little higher 
than those required for corresponding 
model velocities in still water. Very 


high thrust values are associated with 
somewhat lower maximum pitching 
angular velocities ; 


(e) Measurement of the several 
time periods used in this (periods of 
wave oscillation, of wave encounter, of 
pitching or of heaving) is relatively 
difficult. A measure of the relative 
unreliability of these values has been 
obtained from this preliminary anal- 
ysis, subject to a few simplifying 
assumptions ; 


(f) Still water test runs were used 
for calibration of the model for pitch, 
heave and thrust. It has been found 
that the model velocity has very little 
relation to the other experimental 
variables after accounting for these 
still water effects. The velocity of 
wave encounter is the effective meas- 
ure of seaway response after such 
calibration. This result is in accord- 
ance with the intuitive concept of the 
independence of wave and overall 
water motions relative to the model 
in production of pitching and heaving. 


CONCLUSIONS AND RECOMMENDATIONS 


The results outlined in the previous 
section indicate the range of information 
available from a factorial study of a 
series of experiments. Several of these 
items (Results (c), (e), and (f)) are 
very difficult to find by other miethods. 
In addition, since the experimental data 
is handled en masse, it is possible to 
draw conclusions that are relatively 
independent of any particular set of 
experimental conditions that may con- 
fuse a test-by-test standard means of 
approach. 


Let us take certain resonant response 
data as an example. For model TMB 


No. 4030, six runs that showed the 
largest values of pitching amplitude 
were plotted for pitch as a function of 
time. One such plot was made for 
model No. 4057. This number of model 
runs is scarcely sufficient to confirm or 
refute the hypothesis of resonant re- 
sponse. Result (a) of the previous sec- 
tion is based on Figure I, which is a 
plot of all of the test data for model 
No. 4057, 114 runs. This quantity of 
data is relatively reliable. Since it is 
taken directly from the experimental 
results without curve fairing or other 
intermediate steps of approximation, it 
enables a sound conclusion to be made. 


806 


the 


( 
I 
I 
I 
t 
P 
a 
fi 
a 
S 
lo 
| 


STATISTICAL STUDY 


However, multiple factor analysis 
does not provide a complete answer in 
itself. It is only a means of isolating 
groups of closely related variables from 
a very heterogeneous mass of informa- 
tion. As a means of pointing towards 
fruitful combinations of variables, it is 
effective. The efficiency of the use made 
of this knowledge will depend on the 
subsequent analytical procedure. Also, 
since the procedure operates on the sum 
total of the table of data that represents 
the experiments, it will be found that 
some of the relationships pointed out by 
the method will already be suspected or 
known. 


Under “Mathematical Background” 
(page 818) it is noted that an assump- 
tion of linearly weighted factor loadings 
underlies this whole procedure. On face 
value, this assumption might be inter- 
preted to mean an extremely severe 
limitation on its efficiency. However, 
examination of Figures I, II, III, and 
V explanatory of Results (a), (b), (c), 
and (d), above shows an extremely 
wide variation in algebraic type of rela- 
tionship pointed out. This is an example 
of wide utility of the method. 


It may be concluded that this type of 
multiple factor analysis is an appro- 
priate preliminary tool in at least this 
phase of Naval Architecture. Although 
the data have not been analyzed to com- 
pletion, the power and versatility of the 
analysis have been indicated. It is there- 
fore recommended that the completion 
and extension of the analysis be carried 
out as indicated in the last part of the 
Section entitled “Results.” This com- 
pletion and extension includes the fol- 
lowing: 


x = Maximum values. 
O = Mean values.* 


Fig. I—Plot of the function aA vt asa 


function of the period: of wave encounter. 
vr = Double amplitude of angular 
oscillation in pitch. 
Hw = Wave height. 
Te = Period of wave encounter. 


Ve (Ft/s0c.) 


Fig. IIl—Relation between diisplacement, 
average pitch angle and velocity of en- 
counter—uncorrected yay values (see Fig. 
VI for corrected yay values). 
4 = Model displacement. 
av — Average pitch angle. 
Ve = Velocity of wave encounter. 


* These are the mean values for the sin, s for all the model runs whose T, values are within 
w 


the indicated 0.3 second ranges (i.e., the mean Sin yr value for the 29 model runs with T, of 1.6 


to 1.8 sec., inclusive, is 0.16). 
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STATISTICAL STUDY 


(a) Expansion of the data to in- 
ss “ clude that of model TMB No. 4030; 


Sk | (b) Revision of the list of con- 
sidered variables to overcome the 


ambiguity in signs; 


% 
cate) (c) Trial of the model 4030 data 
P: to confirm the relations already ob- 
served for model No. 4057, and, if 
this is the case, abridgement of the 
e+ : = —- = variable list to delete these effects 
m™m, (se) : from the examination ; 
Fig. III.—Plot of the ratio ¥1/Ty as a (d) Addition of new variables to 
function of the thrust difference. extend the range of the analysis; 
= — a of angular (e) Full exposition of the factorial 
structure of the revised and expanded 
data field, complete with the subse- 
less corresponding still-water quent analysis of the class of rela- 
thrust). tionship involved. 
— 
de 
Paactar 
ee Tesr 26 - on — 
Rows Rows 
Te Te 
A Vesa 
Or 
we 


Fig. V.—Distribution of the test runs by the ratio of the period of pitching to the 


period of wave encounter. Plotted separately for high and low St vr values. 


(1) Mean =e ratio for these runs is 0.5. 


(2) Mean —% ratio for these runs is 1.6. 
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INTRODUCTION AND DISCUSSION OF THE MULTIPLE FACTOR ANALYSIS METHOD 


In the field of a “pure science” it is 
possible to plan an experiment or series 
of experiments to confirm or refute a 
particular hypothesis. It is possible to 
construct experimental systems where 
all but one variable, or at most, a very 
few variables, are held constant. Inter- 
pretation is a matter of comparing the 
results with the calculated effects. This 
class of procedure implies complete 
knowledge of interrelations between the 
experimental variables and a high order 
of control of all the experimental condi- 
tions. 


The above implications are not satis- 
fied by a wide range of sciences. In 
some cases, the number of variables is 
too large to enable one-by-one manipu- 
lation to be used as a means of experi- 
mental procedure. It would require too 
long a time and would be too expensive 
for justification. In some other cases, 
the theoretical background is not secure 
enough to enable certain calculation. 
In such cases, auxiliary logical tools 
are required to overcome the limita- 
tions of the traditional experimental 
procedure. 


These auxiliary logical tools may be 
subjective, based upon long experience 
in the field, or objective, and may in- 
volve procedures for manipulation of 
the experimental results to attain intelli- 
gibility. In either case, the major ques- 
tions that must be answered for use of 
such an auxiliary tool are “is it efficient 
in its use of the available data,” and 
“does it imply more accuracy than it 
actually possesses.” 

The form of multiple factor analysis 
presented in this Article is an objective 
auxiliary logical tool. Since it is sta- 
tistical in nature, its efficiency in use of 
data can be calculated. As a matter of 
interest, it cannot compete with the effi- 
ciency of the traditional interpretive 
procedures until the number of variables 
concerned are large in number (let us 
say, on the order of 10 or more). With 
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respect to implication of accuracy, the 
errors in its use are calculable, and in 
technical areas of this type, its inaccu- 
racies are limited in effect, since its use 
is only to indicate avenues of profitable 
approach by other methods. 

The overall procedure is to convert 
the mass of experimental data into sta- 
tistical numbers that represent the de- 
gree of “relatedness” of all pairs of 
variables. These numbers are inter- 
preted geometrically and are, in turn, 
manipulated to achieve a geometric pic- 
ture of the “relatedness” of the vari- 
ables in groups. The original data is 
then re-used to disclose the class of 
relationship that is involved in these 
groups of variables. Traditional methods, 
such as graphical procedures, are con- 
venient for the purpose. 

The logic of this form of multiple 
factor analysis may be explained by 
reference to a hypothetical series of 
experiments. Let us visualize a mass of 
experimental data arranged in tabular 
form. Let there be N experiments rep- 
resented in the table, 4 row per experi- 
ment, with the results of each experi- 
ment expressed as measurements of n 
variables, so our table will have n 
columns, one per variable. If each of 
these variables is completely independ- 
ent, we may construct a Cartesian coor- 
dinate system of n dimensions, where 
each variable is assigned to an axis. 
We may then represent the table of data 
by N points in this n-dimensional space, 
where each point is defined by its n 
projections on the coordinate axes. The 
table of data and the n-dimensional plot 
are completely equivalent. 


Now if one of these variables, let us 
say variable “a,” is really a function of 
some other variables, let us say “b,” 
“c,” and “d,” then except as a check on 
experimental errors, column “a” adds 
no data to the table. The “a” values 
may be calculated from the “b,” “c,” 
and “d” values. Therefore, we may 
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express the set of experiments in n-l 
columns, or the corresponding plot in 
n-l dimensions. Thus, interdependence 
of the variables is reflected in a decrease 
in the number of variables or dimen- 
sions required for expression of the 
experimental results, where those ex- 
perimental results are expressed only to 
the accuracy implied by the errors in 
measurement. 

Let us assume that we have such a 
table and plot, and that we have “f” 
columns and axes, respectively, to rep- 
resent the experimental data, where “f” 
is equal to or less than n. If we were 
to rotate one or more of the axes to a 
new position, and leave the N data 
points untouched, we would still have 
an accurate description of the experi- 
ments. The relative positions of the 
points rather than a particular set of 
numerical values represents the infor- 
mation gained by the experiments. The 
same could be said of the new f-col- 
umned table, created from the old one 
by an operation equivalent to the rota- 
tion of axes. 

We may express each experiment in 
terms of the original n variables as well 
as by such an arbitrary set of mutually 
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right angled axes. This follows from 
the original description of the f axes, 
since we may say that each of the n 
variables may be represented by one of 
the axes or by a line determined by two 
or more axes. Therefore, we should be 
able to draw a new set of n lines in the 
f-dimensional space, where each line 
represents one of the original variables. 
These lines would be fixed by the N 
data points, regardless of the orienta- 
tion of the arbitrary coordinate axes 
used to describe them for a particular 
plot. 


Thurstone’s procedure supplies a 
means of finding the relative positions 
of such a set of n “variable represent- 
ing” lines in this f-dimensional space.* 
He shows that the angular separation 
of these lines is a function of the “re- 
latedness” of the variables concerned, 
and may be used to isolate groups of 
variables that are connected in the set 
of N experiments. With this group 
isolation, we may return to the original 
data for investigation of the cause of 
connectivity. It was from groups of 
variables isolated in this manner that 
the relations were found that were re- 
ported under “Outline of Results.” 


RESULTS 


(A) Table of Definitions: 


(1) Pitch—Used as a relative meas- 
ure in comparing still water and simu- 
lated seaway model response. It is de- 
fined as the difference between the angle 
from the load water plane to the hori- 
zontal during a test run and the cor- 
responding angle found at the same 
model velocity in still water. The pitch 
angle is called positive when the bow 
is higher than the stern. 

(2) Heave—Defined as the differ- 
ence between the vertical distance from 
the mean sea level to the center of 
gravity of the model during a test run 
and the corresponding distance at the 
same model velocity in still water. The 
heave is called positive when the center 


of gravity is higher during the test run 
than during the still water run, relative 
to the mean sea level. 

(3) Model Velocity—Is measured 
relative to the tank, with signs chosen 
so as to make it always positive. 

(4) Wave Height—Vertical crest to 
trough distance. Regarded as positive 
in all cases. 

(5) Wave Length—Horizontal crest- 
to-crest or trough-to-trough distance. 
Regarded as positive in all cases. 

(6) Wave Velocity—Is measured 
relative to the tank, with signs chosen 
in accordance with the assignment of a 
positive sign to the model velocity (i.e., 
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in a following sea, the wave velocity is 
given a positive sign). 

(7) Velocity of Encounter—Alge- 
braic sum of model velocity and wave 
velocity. 

(8) Period of Pitch, Heave, Wave, 
Wave Encounter—The time periods for 
one complete cycle of pitching response, 
heaving motion, wave form relative to 
a fixed point on the tank and wave form 
on a fixed point on the model, respec- 
tively. All periods are regarded as 
positive. 

(9) Displacement—Weight of water 
displaced by the model under the con- 
ditions of test. 

(10) Thrust—The value reported by 
the optical dynamometer in the self- 
propelled model. 

(11) Thrust Difference—The thrust 
under conditions of test less the thrust 
for the corresponding still water model 
velocity. 

(B) Symbols Used: 

A subscript system is used. The large 
symbols y, Z, V, A H, T, A TH, indi- 
cate, respectively, pitch angle, heave 
distance, velocity, wave length, wave 
height, period, displacement and thrust. 
The subscripts “w,” “m,”’ and “e” are 
used for distinguishing between veloci- 
ties of the waves, of the model and of 
encounter. The subscripts “T” and “av” 
are used to indicate double amplitude 
and average pitch and heave.5 The sub- 
script “w” is used with H to indicate 
wave height. The subscripts “y,” “Z,” 
“w,” and “e” are used with T to indi- 
cate the respective periods of pitch, 
heave, waves and wave encounter. A is 
used without subscript. The subscript 
“d” is used with TH to indicate thrust 
difference. 


(C) Direct Results: 


(1) Demonstration of Resonant Re- 
sponse in Pitch. Resonant oscillation 
in pitch was suspected from model be- 
havior in a few of the test runs, and a 
series of graphs were prepared to dem- 


onstrate a few outstanding examples for 
model numbers 4057 and 4030. In order 
to confirm this suspicion, it would be 
necessary to show that resonant re- 
sponse was a general phenomenon of 
model behavior. 


The factorial method would be suit- 
able for such a demonstration, if an 
index of resonant response were in- 
cluded among the items descriptive of 
the model behavior during the tests. 
The function (Sin yr)/H, was used 
as such an index. In this particular case, 
(Sin is factorially equivalent 
to Rg( Sin /H,,,° which is a measure 
of the efficiency of oscillatory energy 
transfer from the waves to the model. 

The factorial study showed this sine 
function to have a high correlation with 
the periods of pitching and of wave en- 
counter. Therefore, Figure I was pre- 
pared to show the relation between 
Sin yr/H, and the period of wave 
encounter. Resonant response in pitch 
with a wave encounter period of 1.7 
seconds, is indicated by the Sin yy/H, 
values plotted as a function of wave 
encounter period. Since this mean curve 
represents all the experimental data, we 
may conclude that resonant pitch re- 
sponse is demonstrated by model 4057. 

A further confirmation is provided by 
the curve of maximum Sin yq/H, 
values as a function of period or en- 
counter, also shown in Figure I. The 
maxima represented apparently indicate 
runs where the other experimental vari- 
ables have permitted a larger pitch 
response of the model. It may be seen 
that the curve of maxima is of the 
same type as that of the means, and 
that it also indicates resonant response 
in the vicinity of 1.7 seconds for the 
period of wave encounter. 


(2) Periods of Pitching and 
Wave Encounter: 

The third of the variables involved in 
resonant response is the period of pitch- 
ing. Using the runs whose periods of 
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Sample: The “2” in Fig. IV-A between Ty = 2.4 and Ty = 2.6 and T. = 144 and 


Te. = 1.6 indicates that two model runs were reported within n these limits. 


12 20 


Te Csec.) 
IV-A. 
Sin yr values above mean line in Fig. I. 


He 


T T T T 


La 20 
Te Csec.) 
IV-B. 
Sin yr values below mean line in Fig. I. 
Hy 


Fig. IV. —Number of test runs, grouped by pond of ae and period of encounter 
ranges, in the resonant region of Fig. I (i, 


25 in Fig. I). Plotted 


separately for test runs above and oi the mean line in Fig. I. 


Ty = Period of pitching. 


== Period of wave encounter. 


encounter were 1.2 seconds to 2.5 sec- 
onds (the region of high sine function 
values in Figure I), the model runs 
were separated into two groups. The 
first group contained those model runs 
whose sine function values were above 
the mean line of Figure I (i.e., those 
runs exhibiting the greatest resonant 
pitching response). The second group 
contained those runs whose sine func- 
tion values were below the mean line of 
Figure I (those runs with least resonant 
pitching at wave encounter periods near 
resonance). Figure IV-A is a plot of 
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the distribution of the periods of pitch- 
ing and of wave encounter for the first 
group, and Figure IV-B is the corre- 
sponding plot for the second group. As 
indicated by the lines drawn in Figure 
IV-A, it may be seen that the “most 
resonant” runs appear to be clustered 
in three groups. These groups have 
periods of pitching about 1/2, about 
the same, and about 3/2 the period of 
wave encounter. The “least resonant” 
runs of Figure IV-B show a tendency 
towards the same distribution, but in a 
much more diffuse manner. 
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Velocity of Wave Encounter (corrected). 


Fig. VI.—Relation between displacement, average pitch angle and velocity of encounter 
—corrected * values of Ve and yav. 


*V, has been corrected for a minor change in V,, that was consequent from the testing tank 
description and the location of the model in the tank at the time of reporting the experimental 
values. Way has been corrected for the squat angle error noted in the text. 


Figure V was prepared to examine 
this relation in more detail, over the 
range of all of the models runs. From 
Figure I, the value of 0.08 or lower 
for Sin ¥;/H,, was taken as an indi- 
cation of low efficiency in transfer of 
oscillatory energy from the waves to 
produce pitching of the model. 

Figure V-A shows the model runs with 
low sine function values, and indicates 
the percentage of runs with Ty/T, 
values in the indicated ranges (i.e., 
almost 60% of the runs concerned 
had Ty/T, ratios between 0.8 and 1.2). 
Figure V-B shows the corresponding 
distribution for the runs with high sine 
function values. It may be seen that 
the group of high sine function model 
runs has a very definite tendency to- 
wards Ty/T, ratios of 1/2, 1/1, and 
3/2, and that the low sine function runs 
do not have this tendency. The “dif- 
fuseness” of the Figure IV-B distri- 
bution is shown, by Figures V-A and 
V-B, to be associated with non-resonant 
conditions dictated by the other vari- 
ables in the series of model test runs. 


(3) Displacement and Average Pitch: 

High correlation of A with yy, was 
observed, with slight correlation of the 
two with V,. After this analysis was 
well started, a systematic error in yay. 
values was discovered, that would in- 
vert the sign of a pitch correction for 
head and following seas. 

Rather than recalculate the whole 
system, it was decided to continue the 
analysis using the erroneous data, on 
the grounds that the method would still 
operate accurately on variables unre- 
lated to y,,, and subsequently to cor- 
rect any relations which showed in- 
volvement of y,y.. Figure II is a plot 
of Way, against V, for the two displace- 
ment values for the uncorrected yay. 
values. Figure VI is the corresponding 
plot after correction. 

It may be seen that in both cases 
there is a simple relation between the 
mean values of yay, for a given V, 
range for a given displacement and the 
V. mean range value. The mean lines 
that represent the heavy .and light dis- 
placements are approximately parallel 
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in each case, although the dependence 
of way. on the displacement has been 
greatly reduced by use of the corrected 
data. 


(4) Thrust, Total Pitch and 
Period of Pitching: 

The factorial analysis indicates that 
wy was Closely correlated with Ty and 
TH,. In view of the almost linear rela- 
tion between V,, and TH, the corre- 
sponding maximum angular velocity of 
pitching, ¥;/Ty, was plotted against 
TH, in Figure III. It may be seen 
that in those runs where negative to 
very low positive TH, values were re- 
ported, the ‘associated values 
tended to be quite low, rising to a peak 
in the vicinity of TH, = 3 lbs. From 
this peak the ¥;/Ty values slowly drop 
to the limits of the experimental data. 
It may not be ascertained from this 
information that ¥,/Ty is the primary 
variable concerned. The basic relation- 
ship could be that of an energy of 
-oscillatioi, or other function of 
‘Wy and Ty. “However, the overall pic- 
ture is striking in that the highest 
angular velocities of pitching are asso- 
ciated with low but positive additional 
“thrust requirements of the model. 


_(5) Independence of Variables: 


The precision of measurement in a 
group of experiments may be considered 
to be a function of three general classes 
of errors. These are: 


(a) Instrumental errors—measured 
by differences in experimental values 
on repetition of the experiments. 

(b) Equipment errors — measured 
by differences in experimental values 
on repetition of the experiments, 
where the experimental values have 
been corrected for item (a), above, 
and where different devices are used 
to report the experimental variables. 
Equipment errors are functions of 
the peculiarities of the particular pro- 
cedures or pieces of experimental 
equipment. 


STATISTICAL STUDY 


814 


(c) Experimental design errors— 
measured by errors in extrapolation 
of the results into adjacent experi- 
mental areas. One major experimen- 
tal design error is omission of one or 
more important variables. 


Since item (c), above, is measured 
by reference to an external group of 
experiments, data for its estimation are 
usually unavailable for an experimental 
series appropriate for factor analysis. 
Items (a) and (b) are measured rela- 
tive to the series of experiments under 
investigation and may be _ estimated. 
“Mathematic Background,” page 818, in- 
dicates the calculation of a number 
for each experimental variable that ‘is 
an index of items (a) and (b). This 
index is the fraction of the variation in 
a given variable that is independent of 
all of the other variables used to de- 
scribe the series of experiments. This 
fraction is about 0.5 for the four time 
measurements (T,, T., Ty, and T,), 
almost 1 for V,, and about 0.9 for TH,. 


The variance in the time measure- 


“ments confirms the relatively high in- 


strumental error reported subjectively 
elsewhere. The high variance in V,, 
measurements indicates that still water 
standardization of pitch, heave, and 
thrust has practically eliminated rela- 
tionships involving V,,. The high vari- 
ance in TH, measurements confirms 
the high experimental error and sug- 
gests that dependence of TH on V,, is 
the only major relation involving thrust 
in the series of 17 variables used to 
describe the experiments (the relation- 
ship of Result (c) is relatively minor, 
and accounts for nearly all of the thrust 
dependence of TH, found in this 
analysis). 


(D) Completion and Extension 
of the Restilts: 


If it is desired to carry this particular 
use of the factorial procedure to com- 
pletion, the following are recommended, 
based on these preliminary results: 


‘ 
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(1) The data used for the analysis 
should be expanded to include those of 
model TMB 4030. This model was also 
carried through the test procedure uti- 
lizéd for obtaining the model TMB 
4057 data. The addition of another 
model’s data would allow partial 
breakdown of the factors that involve 
model description, as well as those that 
describe model motion. 


(2) The assignment of positive and 
negative signs, in accordance with the list 
of definitions on page 810 was found to 
have been somewhat ambiguous. It was 
not realized that the assignment of signs 
to wave and encounter velocities implied 
the corresponding signs on wave length 
and period of encounter. The result was 
that the geometric structure involving 
the vectors representing wave length, 
wave height, and the H,,/A,, ratio was 
decreased in dimensionality from two 
to one.? The three points representing 
these variables were practically colinear, 
rather than coplanar, with the origin. 
In essence, the sign ambiguity reduced 
the independent number of variables 
from 11 to 10. The five-factor struc- 
ture is valid, for the sign conventions 
listed on page 810, but is it probable that 
a six-factor structure would become ap- 
parent on repetition of the analysis with 
a consistent notational system. 


(3) In order to disclose as much 
information as possible about an experi- 
mental system, it is advisable to remove 
known relationships from the data to as 
great an extent as possible. Use of the 
standardizing model runs has accom- 
plished this end with respect to model 
velocity and thrust. If we perform the 
same type of “standardization” by using 


OPERATIONAL PROCEDURES 


(A) Summary. 

The operational procedures in this 
use of the multiple factor method may 
be summarized as follows: 


average pitch values, for example, that 
have been corrected for the velocity of 
encounter, secondary variation in aver- 
age pitch should be readily apparent as 
should variations involving the velocity. 
of encounter. This: would be an appre- 
ciable assistance in the event that model 
TMB 3030’s data were used, because 
such action would decrease the dimen- 
sionality of the experimental variations, 
and render the final analysis a little 
surer. 


(4) A preliminary attack on the de- 
scription of waves reflected from the 
tank walls has been made. Inclusion of 
such data could clarify the test results 
by enlarging the scope of the basic data 
and hence providing more surety in the 
factorial results. 


(5) Thurstone analyzes the “struc- 
ture” of the variable representing vec- 
tors in their f-dimensional common 
factor space® through the determina- 
tion of planes defined by several vectors. 
The intersection of such planes is an 
indication of a basic factor that is 
involved in two or more general ways. 
Also, such an interaction is independent 
of the arbitrary common factors used 
to define the spatial location of the 
variables. Such a factor is an invariant 
of the structure itself and hence is suit- 
able for meaningful description of the 
structure. It is probable that energy 
and momentum functions will be dis- 
closed in this manner. If such is the 
case, on complete examination, appro- 
priate functions may be calculated from 
the original data and tried for perti- 
nence in description of the experimental 
results. 


USED IN THIS PROBLEM 


(1) Selection of variables for use; 


(2) Preparation of a table of numeri- 
cal values for each selected variable 
representative of each model run; 
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(3) Factor Analysis’; 
(4) Examination of a few aspects of 
the factorial results ; 


(5) Use of the factorial results for 
guidance in return to the original tabu- 
lation of data for graphical interpreta- 
tion. 


(B) Selection of variables for use: 
(1) Available Data: 


The direct data available from the 
model run test descriptions and the 
observation films are the following: 


(a) Wave Description: 
(i) RPM and eccentricity of the 
wave maker ; 
(ii) Wave height (double ampli- 
tude), velocity, length and period 
from (a)(i) and standardizing 
operations. 


(b) Model Motion: 
(i) Model velocity, and calcu- 
lated velocity and period of wave 
encounter : 
(ii) Period and phase angle of 
pitch (relative to wave form) 
and two measures of pitch de- 
scription, either plus and minus 
amplitude or mean angle and 
total amplitude of motion. The 
pitch amplitudes are calculated 
by differences from still water 
standardizing runs. 
(iii) Corresponding period and 
phase angle of heave, plus two 
measures of heave description, 
either plus and minus or mean 
and total heave distance. Heave 
distances are calculated from still 
water standardizing runs. 


(c) Powering Data: 
{4) Torque, thrust .ard pro- 
peller RPM. 

(d) Miscellaneous : 
(i) Displacement. 
(ii). Physical description of 
model (dimensions, form factors, 
etc.). 


(2) Probable Pertinent Parameters: 


(a) Omissions. 


Since Thurstone’s method will isolate 
common factors 1! from an experimental 
complex, all information that is already 
known to be common to the whole mass 
of test data becomes irrelevant unless it 
is desired to confirm the relationship. 
Unless two or more models’ behavior 
are to be compared, then B(1) 
(d) (ii), above, should be omitted from 
examination for this reason. Also, 
known relationships should not be in- 
serted into the system for examination 
unless there is a high probability that 
they can assist in providing an explana- 
tion for the experimental behavior of 
the model. The three apparent vari- 
ables of item B(1)(c)(i) are readily 
interlinked to represent oniy one vari- 
able, the force required to move the 
model under a specific set of test cri- 
teria. The thrust is a direct measure of 
this force and the torque and propeller 
RPM may be omitted from this con- 
sideration of overall model behavior. 

The phase angles of items B(1)(b)- 
(ii), and (iii), depend on some arbi- 
trary datum time or position, chosen for 
the particular purposes of the analysis. 
In view of the exploratory nature of 
this use of the factorial procedure, the 
particular purpose would be unknown 
until after the examination. Therefore, 
the phase angle data is omitted. 

Only two parameters are present in 
the wave descriptions themselves 1? with 
one additional parameter added by the 
experimental structure and the assign- 
ment of signs based upon the direction 
of mode] motion. The influence of the 
waves on the model will be through the 
waves themselves, and not through the 
wave maker, except in a secondary man- 
ner. For this reason, items B(1) (a) (i) 
are omitted from consideration in favor 
of items B(1)(a)(ii). By the same 
reasoning, plus and minus pitch and 
heave values are eliminated in favor of 
the mean and double amplitudes, in the 
expectation that the latter: would be of 
more direct physical significance. 
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(b) Insertions. 

The omissions, above, in the original 
list of experimental variables, leave us 
15 variables that represent 11 relatively 
independent measurements. Three of 
these “non-independent” variables in- 
volve the Doppler effect and its implica- 
tions when wave and model velocities 
are affixed with appropriate signs to 
indicate the experimental reference di- 
rection. The fourth “non-independent” 
variable expresses the redundance of 
simultaneous use of wave length, wave 
velocity, and period of wave oscillation. 

A maximum of 6 independent factors 
may be accurately extracted from an 
11 x 11 correlation table. An expansion 
of the list of variables to a larger num- 
ber does not change the number of 
extractable factors if these added vari- 
ables are combinations of those already 
listed, and if the combinations them- 
selves are also included in the basic 
structure of the experimental system. 
However, such an expansion, where the 
mode of combination of variables is not 
reflected in the experimental system, 
will insert an added common factor that 
does not aid in elucidation of the experi- 
mental data. If the total number of 
common factors now exceeds 6, the 
maximum number for the basic data, 
the factoring method no longer supplies 
a unique configuration for examination. 


For this reason, known relationships 
should be removed from the data to as 
great an extent as possible, and new 
combinations of variables should not be 
added except as they promise to be 
useful. 

With respect to the wave descriptions, 
it is a matter of question as to which of 
the following are most likely to be of 
importance as causative agents for pitch 
and heave behavior, wave height, wave 
length, maximum wave slope, or wave 
frequency (or period). In view of the 
probability that wave slope can be in- 
volved, the ratio H,/A, was added as 
a linear function of maximum wave 
slope. 
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Resonant behavior is expected in 
pitch. A ratio of pitch response to wave 
excitation would be an indication of 
this. One of its measures would be 
Rg Sin Y/H,, where Rg is the radius 
of gyration of the model about a hori- 
zontal axis normal to its path and 
through the center of gyration. Since 
the numerical value of a correlation 
coefficient is not changed by the multi- 
plication of one of the two variables by 
a constant, Rg was omitted, and the 
new variable, Sin yr/H,, was added 
to indicate pitch resonance. 

The corresponding insertion of 
Z,/H, as a measure of resonance in 
heave was not made. If sin y7/H, 
proved fruitful this insertion was to be 
made as a part of a more complete 
analysis. 

The thrust required for still water 
propulsion of the model is known from 
the standardizing runs. A new variable 
TH, (the thrust difference) was de- 
fined by substracting the corresponding 
still water thrust value from that experi- 
mentally determined. It was hoped that 
any energy or force relation involved in 
pitching and heaving would become ap- 
parent by the use of this new variable 
and omission of the crude experimental 
value. 

(c) Resulting Parameters. 

Revision of the list of parameters, as 
outlined above, gives us 17 variables for 
which values are available for each 
model run. The experimentally known 
relationships involving the model ve- 
locity have been eliminated (possible 
removal of three common factors— 
model velocity with pitch, with heave, 
and with thrust), and two combinations 
have been added in the expectation that 
they are already involved in the experi- 
mental structure. 

The model test run records were then 
inspected and representative values for. 
each of these parameters were assigned 
for each model run. There were 114 
runs for which values of each: of these 
17 variables were known. 
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(C) Factor Analysis. 

The factor analysis was carried out 
as indicated in the next Section. Time 
limitations prevented exhaustive exami- 


nation of the data, so only a few rela- 
tions were picked out to demonstrate the 


scope of the method. 


MATHEMATICAL BACKGROUND 


(A) Introduction. 


A correlation coefficient is a numeri- 
cal index that provides a means of 
rating the “relatedness” of two vari- 
ables. The basis of Thurstone’s method 
of multiple factor analysis is geometric 
interpretation of correlation coefficients, 
and subsequent extension of the geo- 
metric interpretation of relatedness to 
include more than two variables. 


1 
te ty 


(B) Correlation Coefficients. 

Let Xa, Vos ++ Xn» YN 
be a series of N pairs of numbers for 
which we wish to calculate the correla- 
tion coefficient, “r,,.” We first stand- 
ardize the unit systems for the numbers 
x and y. 


+ xy) (average x) 


+ yw) (average y) 


Vx + (x, — + 


(root mean sq. x) 


Oy = F)? + 4 


| 


(root mean sq. y) 


We may now express the x’s and y’s in the same number scale, with zero at the 
average x arid y values, by “standard scores” defined by: 


(1) ty (Sx Sy, + Sy. 


Using these standard scores, we then define the correlation coefficient, Peat as 
follows : 


San 
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It may be shown that r,, must be a 
number between +1 and —l. The use 


of r,yy as a measure of relatedness may 


be visualized by a plot of the S, and S, 
values for each of the N data points. 
If high S, values are usually associated 
with high S, values and low S, values 
with low S, values, the plot will show 
a roughly elliptical distribution of the 
N data points, with the major axis 
along the ++, —— diagonal of the 
plot. The r,, value will be positive and 
will approach +1 as the distribution 
of the N points approaches a straight 
diagonal line. If high S, values are 
usually associated with low S, values 
and vice versa, the distribution will 
again be roughly elliptical, but with the 
major axis along the +—, —-+ diag- 


onal of the plot, the r,, value will be 


‘negative, and will approach —1 as the 


distribution approaches..a. straight diag- 
onal line. If the N data points ap- 
proach a random distribution 
approaches zero. 

(C) Correlations Between 

Many Variables. 

Using the procedure ‘suggested above, 
let there be N groups of numbers, with 
n numbers in each grotip. We can 
visualize each group of numbers as the 
numerical results of measurement of n 
variables for one experiment, in a set 
of N similarly measured experiments. 
We first convert each: numerical value 
to a standard score, as before, to obtain 
Table A: 


TABLE A 


Experimental Results for N Experiments, with “n” in” Variables 
Measured per Experiment.* _ 4. 


Variable No. 


1 
2 
Experiment 3 
No. 


N 


* The same set of variables are measured in each rr : 


We then use the data of Table A to calculate the correlation coefficients for 


each pair of columns by: 


1 
(2) ty (Sir + Sig Syn + 


N 
and obtain Table B. 


+ Sin Sjy),. 
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TABLE B 
Correlation Coefficients Between Each Pair of Variables in Table A. 


Variable 


From the definitions of r;; and of the standard scores, it may be seen that rj; = rj;, 
and r,, = f.. =... = fa, = 1. Table B may then be rewritten as Table C. 


TABLE C 
Correlation Coefficients Between Each Pair of Variables in Table A. 


Variable No. 


Variable 


No. 


No. 
1 2 3 — i j n 
1 2 i — j n 


ji 


Although each r value in Table C 
was obtained from the experimental 
values reported for the N experiments, 
these r’s do not represent relations of 
the experiments with one another, but 
instead represent relations of the vari- 
ables with one another. 


(D) Use of Table C. 


As noted above, we have, by use of 
correlation coefficients, converted our 
original table of experimental data into 
relations between pairs of variables. 
Let us assume the series of experiments 
concerns freely falling objects whose 
kinetic energies are converted into heat 
by an appropriate device. The variables 
descriptive of the objects would include 
weight, density, initial temperature, etc. ; 
those descriptive of the experimental 
system would include air pressure and 
temperature, wind velocity, and distance 
and velocity of fall; those descriptive of 


‘energy conversion would include specific 


heats, initial and final calorimeter tem- 
peratures, etc. 


From our experimental data we would 
expect to derive energy conservation 
relations, data on acceleration under the 
influence of gravitational attraction, 
effects on atmosphere drag of object 
sizes and shapes, etc. 


Table C constructed from these. data 
would show high correlation between 
final object velocity and distance of fall, 
between object mass and heat produced, 
between object final velocity and heat 
produced, etc. If the ranges of object 
density and shape were wide enough, 
these variables would also show appre- 
ciable correlation with final velocity. 
In other words, each correlation coeffi- 
cient would contain the effects of all of 
the relations involving the two experi- 
mental variables concerned, within the 
limits of the mass of data describing 
the series of experiments. 


In every experimental system there 
are a finite number of measurable rela- 
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tions between variables. In the example 
above, we have suggested three as 
samples (energy conservation, gravita- 
tional acceleration, atmospheric drag). 
Some of these relations may have a 
close connection with one another. In 
our example, the object temperature 
would approach atmospheric tempera- 
ture as the time of fall increased, or in 
turn, the atmospheric drag relations 
would be highly correlated with object- 
atmosphere thermal equilibrium. Such 
multiple correlation would reduce the 
total number of truly independent rela- 
tionships involved in the set of N ex- 
periments. This reduction is the same 
as that discussed in a different context 
earlier. 


Thurstone has made an assumption 
of “linear factor loading” 1* that will 
allow analysis of Table C to separate 
the several components of each corse- 
lation coefficient. He shows that a table 
of “reference factor loadings” may be — 
constructed as indicated in Table D, 
below, that will duplicate all but the 
diagonal entries (unit entries) of Table 
C, by equation (3). 


D 
Table of Reference Factor Loadings 


Reference Factor No. 


Ci Ci2 — Cr 
2 Coy Coe Cos Cor 

Variable i |Cu Cie Cis Cis 
j Cie Cis — — Cit 
n Cu Cae Cas Car 


(3) Tij = C;, + Ci, + + Cit Cy, i 
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In Table D, “f’” is the number of com- 
pletely independent relationships be- 
tween variables in a given set of experi- 
ments.. The “C’s” are interpreted as the 
projections on a set of “f” Cartesian 
axes of vectors representing the several 
variables, (i.e., C,, is the projection of 
the vector representing variable i on 
the 3rd of a set of f axes). Equation 
(3) may be restated as: 


(4) = cos 1 Fj, 
where and ‘A, are the lengths of 


the “i” and “j” vectors, and ¢;; is the 
angle between them. 
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It may be shown than an infinite 
number of tables similar. to Table D 
may be constructed that will satisfy 
equation (3) in the duplication of Table 
C. The sole requirement is the ortha- 
gonality of any one set of axes. These 
alternate “Table D” correspond to rota- 
tions of the reference factor axes, and 
duplication of Table C corresponds to 
invariance of the relative location of the 
n vectors in their f dimensional space 
as these axes are rotated. 


Thurstone also shows that the coeffi- 
cient “u;” may be introduced to account 
for the diagonal entries in Table C, by 
the equation: 


(5) ry = 1 = + = + Cp + Cg + + 0%). 


The coefficient u; corresponds te a fac- 
tor loading, similar to the C’s, for all 
the “uniqueness” in the measurement of 
variable j. This uniqueness includes 
errors in expérimental measurement and 
all other experimental variance not 
shared with one or more of the rest of 
the n variables taken to describe the 
N experiments. He describes methods 
for approximating the h’s and for con- 
structing tables of factor loadings, that, 
by equations (3) and (5), may be used 
to reconstruct Table C. As implied by 
comparison of equations (3) and (5), 
the “uniqueness” is only involved in the 
diagonal entries of Table C.” 


(E) Use of Table D. 


Let us consider two vectors, i and j, 
defined by Table D. Let us assume that 
h, and h, are both appreciable, close to 
unity, and that r,;; approaches zero (i.e., 
almost random distribution of the S; S; 
data points). By equation (4), angle 
$i; approaches 90 degrees. Let us draw 
a new vector, k, normal to vector j and 
in the i, j plane. If h, is unity, rj, 
approaches unity, and since ¢;, = 90 
degrees, r;, = 0. In other words, low 
correlation between two variables sug- 
gests high correlation between one of 
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the two and a new “variable” created 
by an operation similar to drawing a 
vector normal to the vector represent- 


ing the second of the two original- 


variables. 


In extension of this idea to an n- 
variable system, let us return to our 
fictitious falling body experiments. The 
energy conservation relation will pro- 
duce high correlations between object 
mass, object terminal velocity, distance 
of fall, and heat produced in the energy 
conversion device. Some of the re- 
maining variables may be appreciably 
correlated with one or more of these 
variables, but not with the group as a 
whole. This suggests the construction 
of a new variable, represented by a 
vector “C,” drawn normal to the vec- 
tors representing the variables not in- 
volved in the energy conservation rela- 
tion. The r values for the correlations 
between the new variable and the 
energy conservation variables would be 
appreciable. In other words, vector C 
would represent a generalized energy 
conservation variable, independent of 
the remainder of the relationships in- 
volved in the series of experiments. 


If we were to rotate our f arbitrary 
reference factor axes so one of them 
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coincided with C, we could interpret 
an appreciable projection on this axis 
as an indication of involvement in an 
energy conservation relationship. An- 
other way of statement is to say that 
vector C defines a “hyperplane” ?> 
through the origin in the f-dimensional 
space, independent of energy conserva- 
tion relations. Conversely, if a hyper- 
plane is found in examination of the 
f-dimensional structure of the n vari- 
ables, we can say that this hyperplane 
defines a direction for a vector (or an 
axis) that is independent of the hyper- 
plane-forming variables’ vectors. 
nature of this independent vector will 
be implied in the nature of the vectors 
with appreciable projections on it. 


Continuing this line of reasoning, a 
two-dimensional plane in the f-dimen- 
sional space is determined by two such 
hyperplane defined vectors, a three di- 
mensional region, by three such vectors, 
etc. Thus the f axes themselves, after 
appropriate rotation to positions dic- 
tated by the vectors’ locations in the 
f dimensional space, correspond to f 
separate and independent basic rela- 
tions involved in the series of experi- 
ments. 


The 


It is the purpose of this form of factor 
analysis to find these unique axis loca- 
tions and to interpret the probable 
nature of the relations involved. Thurs- 
tone describes several graphical methods 
of analysis of Table D data to accom- 
plish the first of these two purposes. 
He also provides a considerable dis- 
cussion of the relative positions of the 
n vectors relative to these axes as a 
means of interpreting the relationships. 
In the case of experimental data drawn 
from as well known a field as that of 


. Naval Architecture, immediate return 


to the experimental results should pro- 
vide considerable assistance in this 
interpretation. 


(F) Factorial Procedure for the 
Model Study Data. 

The preceding Section described the 
variables chosen as representative of 
the 114 model runs used for illustration 
of multiple factor analysis. A correla- 
tion coefficient table (Table I) was pre- 
pared from these experimental results. 
For convenience, the r,, values. were 
not calculated from the S, and S, 
values, but instead were calculated di- 
rectly from the experimental data by 
the equivalent equation : 


+ XnYn) 


(6) 


Thurstone’s group centroid method *’ 
was used to obtain Table II, the refer- 
ence factor loading (C’s) from Table I. 
Time was not available to refine the h 
approximations, so Table II reports 
only the first approximation to the fac- 
tor loadings equivalent to Table I. The 
three relations used as examples of the 
multiple factor method were found by 
a preliminary graphical examination of 
the Table II data*® No attempt was 


(7). Ss = Cy 


Xi; 


Gx Gy 


made to complete an exhaustive attack. 
on the vector configuration. 


(G) Miscellaneous. 

(1) Linear Factor Loading—Sub- 
paragraph (D), page 821 notes that 
Thurstone has proposed a linear factor 
loading relation which permits Table D 
to be constructed in accordance with 
equations (3) and (5). This oars 
may be expressed as: 


+... + Gay Xy 
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TABLE II 


Factor Loadings Obtained from Correlation Coefficients. 
(First Approximation—Group Centroid Method. ) 


Ci j Values 


h; Values 
Variable (Reference Factor Loadings)* (Vector 
Code Symbol I II III IV Vv Length**) 


A Hw — .66 ™-52 45 —.09 .00 
B Aw 61 65 —.37 Al — .04 98 
€ Hw/dw —.42 —.59 32 -16 1.00 
D Vw 67 —.57 =m —.34 35 1.01 
E Tw 67 31 35 .08 —.33 89 
F Vm .08 —.09 14 14 25 
G Ve .67 —.63 —.13 —.02 -30 97 
H Te — 39 58 34 .09 18 .78 
I Zt -76 04 .23 83 
J Zav 54 — .60 —.10 01 85 
K Tz 21 53 02 01 .57 81 
L VT 63 — .06 -66 .04 —.23 95 
M Wav 36 91 17 1.04 
N Ty 14 32 17 83 
O Sinvt/Hw 84 —.03 40 21 -96 
P THb 03 —.47 —.02 —.09 49 
Q A -10 — .06 = 77 —.23 82 


of reference factor loadings. 


_* The “i” subscript refers to the variable, the “j” to the reference factor or axis. 
**Please see page 818 for an interpretation of “3 “vector length” as applied to a table 


For example, the vector representing variable V. may be pre abreges with projec- 
tions on the five reference factor axes of: Ca = .67, Cr Ca == —.13; 


02? + .30° 


where S;, is the standard score for 
experiment j in variable k. There are 
q “X’s” where, as indicated by the 
second subscript, each is referred to 
experiment j. These are understood to 
be a series of standard scores for expe- 
riment j that describe the composition 
of this experiment with respect to q 
independent “factors.” Each X is ac- 
companied by a C value. These C’s as 
indicated by the subscripts, weight the 
respective X values to obtain the experi- 
mental value of S;,. The qualitative 
interpretation of equation (7) is that 
each experimental S value is a linear 
sum of quantities dependent on the 
detailed structure of the particular ex- 
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Ces —.02, Cys .30, and by equation (5), h?, = = 977 = “67? 63° 13? 


periment in the group of N experiments 
and on the relation of the variable con- 
cerned to the geometric axes implied 
by the comparison of the experiment 
with the body of the experiments. The 
number “q” is n + f, where f inde- 
pendent andl are sufficient to describe 
the vectors determined by the r,; values 
of Table C where i ~ j.. Each C,, 
value where q > f is zero, except for 
C, (f + j), which is the same as Uj. 
These zero entries correspond to the 
“unique” nature of Uj. 


(2) Maximum Value of “f’ for a 
given “n.”—-It may be shown that the 
configuration of vectors described by 
Table D is invariant only when f does 


‘ 
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not exceed a maximum value dependent 
on n. Below is a table of maximum f 
values as a function of n. 


No. of Independent 
Variables “n” 


Maximum Value 
of 


NDA vi & 


(3) Use of Raw Data to Establish 
Table I.—The use of a correlation co- 
efficient to describe relatedness implies 
that this relatedness is superimposed on 
a purely random fluctuation of the 
values of the variables. In view of the 
fact that some of the experimental vari- 
ables were imposed in a systematic 
manner to establish the N experiments, 


and in view of the non-linear nature of | 


some of the measurements (Sin y, /Hw 
for example), it is obvious that statistical 
randomness is not represented in the 
‘data. It is possible to use re-scaling 
procedures that will distort the raw 
numerical values to a closer approxi- 
mation to randomness. However, Thurs- 
tone reports that the results of factor 
analysis on raw and rescaled data are 
almost identical, so refinement by. re- 
scaling was not carried out in this 
example. 


(4) Nature of the Coordinate Axes. 
—In our discussion of the broad fea- 
tures of the f-dimensional space that 
may be used to describe the experi- 
mental results, we did not identify the 
coordinates themselves, except to state 
that they were orthagonal. Also, we 
noted that any one set of f orthagonal 
axes in the space containing the N 
points was equivalent to any other set 
of axes spanning the same space. One 
specific orientation of axes was qualita- 
tively discovered as defined by the n 
variables’ vectors and as representation 
of f basic relations in the experimental 
data. 


The identification of the scalar pro- 
duction of two variables’ vectors with 
their correlation coefficient (equation 
(4)) allows us to say an orthagonal 
arrangement of the axes corresponds 
to mutual independence of whatever is 
indicated by these axes, within the limits 
of the experimental data. Thurstone 
has chosen to call a set of these axes 
equivalent to a set of independent “com- 
mon reference factors.” He terms the 
f-dimensional region the “common fac- 
tor space.” A “common factor” is there- 
fore a relationship common ‘to a mass 
of experimental data that may involve 
two or more of the variables measured 
in the series of experiments. 


. (5) Colinearity of Vectors Repre- 
senting Hw, Xy, Hy/Aw.—Combination 
of equations (3) and (4) gives us: 


(8) Cos ij 


Cig Cie 
h, h; 


Substitution of the C and h values from Table II for the vectors representing 


H,, Aw-and Ay gives us: 


—0.99 Gi 


= 40.98 (i=H 


0.99 (i 


=H, j= dw) 


dw, j= 


Hy /Aw) 


= j = Hy/dw) 
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Fig. VII. 


Plot of the vectors representing Hw, Aw and Hw/Aw in the I-II and I-III planes, using 
the data of Table II: 


Ciy Values* 
Variable Cu Ciz Cis 
—66 45 
61 65 —.37 
—72 —.59 .32 


*i.e., the terminal point for the vector representing H, 


45. 


These three cosine values are practi- 
cally unity indicating colinearity of the 
three vectors. An illustration of the 
graphical interpretation of the factor 
loadings is provided by Figure VII, 
where the C’s for these three vectors 
(Table II data) are plotted for the 
I-II and I-III planes. 


(9) (CA)y = 
If we restate-equation (5) as: 


fi — 


and refer to equation (4), tm; = 
h; h; Cos ¢j;, the equivalence of u; 
and (CA);; is suggested. The differ- 
ence between the use of H?; and r;; as 
a measure of the “self-correlation” of 
the set of values recorded for variable 
j in the series of N experiments is the 


(10) u= 


is plotted at I = — 


(6) Independence of Variables.— 
There is a statistical index, the “coeffi- 
cient of alienation” which is defined as 
the fraction of the variation of a de- 
pendent variable that is alienated from 
or independent of an associated vari- 
able.1® This number, “(C.A.),,” is 
related to a correlation coefficient by 


/i— r?,,, Where x and y are the two variables. 


exclusion of the unique component in 
hj. In other words, we can say that u; 
may be regarded as “that fraction of 
the variation of variable j that is 
unique, or undefined by the other vari- 
ables used to describe the series of 
N experiments.” 
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SYMBOLS 


—Total number of experiments. 
—tTotal number of variables. 
—Minimum number of independent variables or axes. 
—Double amplitude of pitch. 
—Mean pitch. 

—Double amplitude of heave. 
—Mean heave. 

—Model velocity. 

—Wave velocity. 

—Velocity of wave encounter. 
—Wavelength. 

—Wave height. 

—Period of waves. 


—Period of wave encounter. r 
—Period of pitching. 


—Period of heaving. 


—Displacement. 

—Thrust. 

—Thrust difference. 

—Radius of gyration in pitch. 

—The average values of the x and y series of numbers, respec- 
tively. 

—The root mean square deviations of the x and y numbers, re- 
spectively, from their mean values, also known as the “standard 
deviations” of x and y values, respectively. 


—A series of n pairs of numbers. 


—A “standard score” for a numerical value. For example, S,,, 
Sys, Sia, Sjn are, respectively, the standard scores correspond- 
ing to x,, to y,, to i,, and to j,. These numbers are defined by: 


where i, j, o, and a; have definitions similar to x and o,; 
where i, is the second of a set of numbers i,, i,, ..., in; 
and where j,, is the “nth” of a set of numbers j,, j,,.... jn- 
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—A “correlation coefficient,” an index of relatedness, between 
two variables indicated by the subscripts. For example, r,, and 
Tj; are, respectively, the correlation coefficients for variables 
x and y, and i and j. These numbers are defined by: 


1 
hy = N (Sz, Sy. + Sug + + Syn), 


1 
Tij = (Si, Si; Sie Sis + eee + Sik Sie), 


where there are n pairs of x, y values and n pairs of i, j 
values. 


—A “factor loading” with subscripts, to indicate the projection 
of the vector of a variable on one of a set of independent 
(Cartesian) axes. For example, C,,, C\,, Cj, are, respectively, 
the projections of vector “1” on axis “2,” of vector “i” on 
axis 3, and of vector j on axis “f.” 


—The length of a vector representing a variable in the common 
factor space, for example, h, is the length of the vector 
representing variable i. 


—The angle between vectors i and j. 


—The factor loading for all unique components in the measure- 
ment of variable j in a given set of experimental data. This 
unique factor loading is defined by: 


=1— (C?;, + + = 1 — h?,; 


REFERENCES . 


. These data were concurrently analyzed by Reed Research, Inc., for the Taylor 
Model Basin. 


. The “multiple factor method” presented in this paper is that described 
by L. L. Thurstone in his book “Multiple Factor Analysis,” University of 
Chicago Press, 1947. 


. It should be noted that this observation is made upon analysis of pitch data 
subsequently found in error. With respect to these data, the statement is 
correct and is used as a demonstration of the method. Paragraph (3) on page 
813 explains the error and shows the experimental results after its correction. 
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. More properly, his procedure provides a means of finding vectors that repre- 


. Treloar, “Elements of Statistical Reasoning,” 
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sent average values of the variables, where the vectors’ origins are taken to 
be at the common zero of the f-dimensional coordinate axes. The word 
“vector” has its usual mathematical meaning of a definite length associated 
with a specified direction. ‘ 


- If wmax. 2nd ymin. Tepresent the highest and lowest pitch angles of a given 


test run, vr = Wmax. Vmin. and Vay = (Wimax. + Wmin.)+ Zy and Zav 
are correspondingly defined. 


“Rg” is the radius of gyration of the model in pitch. Please see page 817 for 
a more complete description of this composite variable. 


Note: For convenience the parentheses around (Sin y_) have been omitted 
in subsequent discussion of this sine function. 


“Dimensionality” and “colinearity” of these vectors refers to their relative 
position in the f-dimensional space mentioned previously. This colinearity is 
illustrated on page 826 ((5).) 


“Five-factor structure” refers to this particular use of factor analysis, where 
f was found to be 5. 


Please see Section ‘Mathematical Background” for a discussion of the 
geometric relationships implied in this paragraph. The f-dimensional region 
that may be used to describe the data has been termed the “common factor 
space” by Thurstone. 


“Mean angle” of pitch is understood to be the arithmetic mean of the pitch 
angles during a full cycle of pitching. It is ee by the arithmetic 
mean of the plus and minus extremes. 


. A “common factor” is some underlying Telationship between the variables 


used in the analysis, when the relationship is common to the whole mass of 
experimental data. 


This must be so, since only two variables, eccentricity and RPM are available 
in the wave maker. 


Please see “Multiple Factor Analysis” for a detailed discussion of the factor 
loading concept and its consequences. 


The squares of the h values are called the “communalities” of the variable’s 
vectors. 


In an f-dimensional space (f>3), a hyperplane is described by f—1 dimensions. 
Treloar, “Elements of Statistical Reasoning,” p. 96. 


. “Multiple Factor Analysis,” Chapter VIII. 


This graphical examination included inspection of the projections of the 17 
vectors on four independent planes defined by pairs of the Table II arbitrary 
common factor axes. In addition, a rotational system was used to obtain 
indications of coplanarity with a given reference vector by check of colinearity 
of similar projections, using a set of orthagonal coordinates normal to the 
reference vector. 


p. 126. 


| 
| 
ti 
; 15 t 
t 
Wo ‘ 
t 
| 18. it 
Pp 
n 
i 
Pp 
a 
a 


RUSSIA’S SUBMARINES (1850-1918) 
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FOREWORD 


Every Great Power has its “silent 
service,” its submarine fleet which func- 


tions best when war comes. It is not 
too difficult for the naval historian to 
trace the development of these various 
fleets, for. most countries have prided 
themselves on the accomplishments of 
their submarines and the men who serve 
in them. As evidence of the accom- 


plishments of their fleets, the . various. 


naval ministries have given their bless- 
ings to those writers who desire to 
publicize the deeds of the underwater 
arm. 

There is, however, one power about 
whose submarine development little, if 


anything, -has been written. That power. 


is Russia. 


The present article has been written 
sq. that a gap in the overall picture of 
submarine development may be filled in. 


' The author is indebted to Mr. George 
N. Taube, former Lieutenant Com- 
mander in the Russian Imperial Navy, 
who graciously permitted the author to 
read several original manuscripts in 
the old Russian orthography and ex- 
tended the courtesy of the archives of 
the Association of Former Russian Na- 
val Officers in America, Inc. Certain 
of the materials contained herein are 
used .with the permission of the pub- 
lishers of that organization’s periodi- 
cal, Morskiye Zapiski (The Naval 


_Records). 
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DEVELOPMENTS PRIOR TO 1900 


The present day numerical superiority 
of Russia’s submarine fleet is a well- 
known fact. What is not so well known 
is the fact that Russia, under the Czars, 
took a leading role in the construction 
and development of submarines. Little 
original work appears to have been car- 
ried on in Russia prior to the middle 
of the 19th century, despite the fact 
that prior to 1850 experimental work 
was carried on in virtually every coun- 
try but Russia. After that date, how- 
ever, every important submarine inven- 
tor, at one time or another, took his 
wares to Russia. Here the inventor was 
assured of a welcome, for the Russians 
took an interest in submarines which 
has persisted to this day. 

This interest in wunderseas craft 
stemmed from the fact that Russia’s 
coast line was singularly vulnerable 
about its periphery. Accordingly, it 
was reasoned, a means must be devel- 
oped to fit the primary strategic con- 
cept of the time—defense of the coast. 
While anchored mines and coastal de- 
fense batteries could protect the har- 
bors, it was still necessary to develop 
some mobile means of defense, a type 
of defense for which the submarine was 
peculiarly suited. There is some evi- 
dence to indicate that offensive use of 
the submarine was contemplated by the 
Russians, but this concept was years in 
the future, and will be discussed later. 

The use of submarines along the coast 
was not a concept confined strictly to 
Russia. At the turn of the century the 
following statement appeared in the 
Boston Journal: 

“The truth seems to be that the 
submarine boat does not and cannot 
revolutionize naval warfare. It is an 
auxiliary at the best—an auxiliary 
for coast and harbour defense. So 
imperative are the limitations of their 
peculiar design that the submarine 
boats cannot go far to sea, and can 
never accompany cruising squadrons.” 
[Italics supplied.] 
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Other nations were even more pessi- 
mistic, as witness the statement credited 
to Germany’s Admiral Von Tirpitz at 
about the same time, 1900: 

“It is true that submarine boats 
have improved, but they are as use- 
less as ever. Nevertheless, the Ger- 
man Navy is carefully watching the 
progress, though it has no reason to 
make experiments itself.” 

Despite this pessimism, which, from 
1850 to 1900, was even deeper, Russia 
carried on with her submarine program. 
The German inventor, Wilhelm Bauer, 
who built his first submarine in Kiel in 
1850, turned up in Russia shortly there- 
after and was commissioned to build 
one boat for the Russian Admiralty.* 
This first Russian-built submarine was 
completed at the Leuchtemberg Works 
in St. Petersburg, in May, 1855, and 
was turned over to the Admiralty in 
November of the same year. The boat 
was dolphin-shaped, approximately 52 
feet in length, with a beam of slightly 
more than twelve feet, and having a 
draught of eleven feet. The hull frame 
was of iron, substantial enough to with- 
stand submersion to 150 feet. One 
hatch, in the bow, permitted entrance 
and exit. Propulsion was by means of 
a stern propeller, driven by four wheels. 
each seven feet in diameter, operating 
on the treadmill principle. A Russian 
lieutenant, Fedorovitch, was assigned to 
the new vessel. In accordance with 
what appears to have been accepted 
Russian practice at the time, his main 
task was to learn all that he could from 
Bauer, after which Bauer was to depart 
the country. 

This method of educating Russian 
shipbuilders extended to all types of 
shipbuilding. It seems to have started 
during the time of Peter the Great. 
who sent representatives to the western 
European shipyards to learn all they 
could. Contracts, or orders, placed with 
European shipbuilding firms, included 2 
stipulation that plans were to be fur- 


0 


d 
1 
t 
t 
t 
b 
te 
u 


RUSSIA’S SUBMARINES (1850-1918) 


nished for all vessels. The idea was, 
that once one ship was built and its 
plans were available, the representative, 
who had followed the construction from 
the laying of the keel to the trials, could 
then return to Russia, set up shop, and 
duplicate the procedures. 


Bauer, however, seems to have been 
too crafty for the Russians, who de- 
tested him as a tiresome innovator. 
While the Russians wanted the boat 
very much, they were not prepared to 
take its inventor as part of the bargain. 
In any event, the trials, as arranged 
by a special commission, ended in near 
disaster. The submarine’s propeller be- 
came entangled in a mass of seaweed, 
and thus ended Bauer’s 134th, and last, 
attempt at submarine navigation in 
Russia. Although Bauer refloated the 
boat, after four weeks work, it was 
later lost at sea off Ochda. 

Bauer’s efforts stimulated Russian 
inventors, and a Russian officer named 
Spirindov drew up plans for a sub- 
marine to be used in and around Sevas- 
topol. The boat was to operate on the 
suction and propulsion of water, similar 
to the hydrostat developed by Dr. 
Payerne in 1843. This effort never got 
bevond the planning stage, however. 


In 1868, the Winan, or Vinan, Yard, 
on the banks of the Neva River, near 
what was then St. Petersburg, launched 
a submarine of over 600 tons. It had 
been planned by Alexandrovski, and 
little is known of the details. The boat 
made several trials, but they were not 
too successful. It is reported that the 
boat finally submerged to too great a 
depth and was crushed. 


From 1877 on Russian submarine 
construction revolves around an inven- 
tor whose efforts extended well into 
the 20th century, and who designed and 
built at least five different classes of 
submarines. In addition, he developed 
torpedo tube mounts and accessories for 
use in submarines. 


This Russian engineer, Drzewiecki, 
or Dzhevetsky.? constructed, in 1877, a 


small submarine which was similar in 
form to the first Holland boat. It was 
a tiny craft, thirteen feet in length, and 
was propelled by a screw worked by 
foot pedals, much like a bicycle, the 
power being transmitted by cogs. The 
hull was steel, with the lower portion 
forming a ballast tank. A conning tower 
was placed in the center of the boat, 
and the lone occupant of the boat could 
catch glimpses of the horizon from this 
tower. Two interesting features were 
incorporated in the design. 


One was a small pump, driven from 
the propulsion gear, the purpose of 
which was to supply fresh air and expel 
foul air from the interior of the boat. 
The other was the use of what amount- 
ed to a leather glove on each side of 
the conning tower for the purpose of 
fixing explosives to the hulls of ships. 
The explosives, probably miniature tor- 
pedoes, were to be carried outside the 
boat, within easy reach of the gloves. 
and were enclosed in boxes strung to- 
gether and fitted with rubber suction 
cups to ensure their adherence to the 
hulls of vessels being attacked. 


Dzhevetsky’s efforts attracted the 
attention of the Government, and he 
was ordered to construct an improved. 
larger, vessel. This commission was 
carried out in St. Petersburg in 1879, 
and was a tremendous step forward. 


This second effort was almost twenty 
feet long, capable of accommodating 
four men, who sat back to back, two 
facing forward and two aft. The crew 
turned the propellers, there were two. 
one forward and one- aft, by means of 
pedals. Two pumps were installed in 
this class, one for air, and the other for 
dumping and filling the ballast tanks. 
The air pump forced the air over beds 
of caustic soda to rid it of carbon di- 
oxide. Fresh air was provided’ by a 
tank of compressed oxygen. A circular 
dome, fitted with stout glass, covered 
the heads of the men, and the fore- 
runner of the periscope, an optical tube, 
was fitted to the forward end of -the 
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conning tower. This tube contained 
reflecting prisms and a magnifying 
glass at the lower extremity of the tube 
so that the helmsman could see what 
was going on on the surface when the 
boat was submerged. Diving was ac- 
complished by flooding the ballast tanks 
and manipulating the forward propeller, 
which appears to have been an embry- 
onic bow-plane arrangement. Two 
torpedoes were fitted to the exterior of 
the boat in grooves recessed into the 
hull close to the top of the boat. These 
missiles could be released from inside 
the boat and attached to the keel of a 
ship under attack by means of rubber 
cushions, or fenders, placed on either 
side of the torpedo. These cushions 
were filled with compressed air from 
inside the boat, and when released were 
supposed to float up under the keel and 
remain. Since they were never used in 
actual wartime attacks, their efficacy is 
problematical. Nevertheless, the idea, 
for the time, was a novel one. 


Trials of this boat were conducted 
on Lake Gatchina during the winter of 
1879, and appear to have been success- 
ful. In any event, the Minister for 
Coast Defense ordered Dzhevetsky to 
build fifty similar vessels. 


This new class, the third designed 
by Dzhevetsky, was similar to the sec- 
ond; the length was the same. The 
chief difference was in the propeller 
arrangement. The new class had one 
propeller, located aft, capable of move- 
ment in every direction. A new feature 
was the introduction of traveling 
weights, which could be moved the 
length of the boat, to ensure stability 
and evenness of course. It was thus 
possible to regulate the center of gravity 
and to give the proper angle of inclina- 
tion when diving or surfacing. Other 
features were identical with those of 
the second class. 


So far as can be determined, fifty of 
this class were actually built and a 
school for the study of this type was 
established. It is reported that these 
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boats maneuvered constantly in Kron- 
stadt Harbor for many years.. 


Unfortunately, speed was lacking. 
Seldom - did they exceed three knots, 
even under the most favorable condi- 
tions of weather and sea. 


The next forward step, an obvious 
one, was the development of a mechani- 
cally-driven submarine. Dzhevetsky, 
about 1884, replaced the pedals with an 
electric motor driven by storage bat- 
teries placed fore and aft. In order to 
compensate for the added weight, two 
men were eliminated from the crew. 
The remaining two men sat back-to- 
back; the propeller was fixed; a rudder 
was fitted. Speed, increased to four 
knots, was still inadequate, however. 

In 1886, the Ministry of Coast De- 
fense passed from the jurisdiction of 
the Admiralty to that of the War De- 
partment. The Minister of War con- 
sidered these little vessels to be useless 
and unnecessary, and all experimental 
work was abandoned. 

Writers of the time thought the deci- 
sion a wise one, for, despite the fact 
that the boats were ingenious, and 
fairly successful, their lack of size and 
speed made them of little value for war 
purposes. The logic of this reasoning 
cannot be denied, but one cannot help 
but wonder what might have happened, 
particularly during the Russo-Japanese 
War, had the experiments continued. 
The limitations of the submarines of 
the period were recognized, even by 
the designers, but without the encour- 
agement of backing, financial as well 
as military, the time lost in bringing 
later plans to fruition was irretrievable. 

Dzhevetsky was not easily discour- 
aged. In 1888 he presented plans for 
an improved type of submarine, this one 
to have a displacement of 150 tons. 
Nothing came of these plans, no doubt 
because of the antipathy of the War 
Department. 

Twelve years were to elapse before 
the fertile brain of Russia’s foremost 
inventor produced plans for another 


| | 


new type of submarine. In 1896 he 
submitted plans in the competition 
opened by the French Naval Ministry. 
This boat was to have a displacement 
of 190 tons, capable of a speed of 15 
knots on the surface, and 12 knots 
submerged. The increased submerged 
speed was to result because the designer 
had come to the conclusion that it was 
unnecessary to submerge completely in 
order for the submarine to carry out 
its mission. Dzhevetsky did not fore- 
see the role submarines were to play 
in later years. His reasoning stemméd 
from the submarine tactics of the times, 
which assigned to the submarines tasks 
which required them to operate at bare 
surface levels. More correctly, most 
work was done in the “awash” position. 
Thus, the water cushion gave the sub- 
marine hull adequate protection from 
surface fire and a true submarine was 
not needed. This new design was, in 
effect, a “submersible” rather than a 
submarine. Steam was to be the motive 
power for above water navigation and 
an electric motor, driven by storage bat- 


Whereas France and Russia were 
definitely interested in submarine de- 
velopment England and the United 
States displayed a singular lack of in- 
terest in sponsoring such developments. 
France had undertaken a program 
which was to yield about forty sub- 
marines by 1900 or 1901. We have 
seen something of Russian interest. At 
the time when the French program was 
to be fulfilled, the United States had 
about eight submarines, England five. 
The New York Journal claimed, at the 
turn of the century, that three rear- 
admirals, Chiefs of Bureaus of the 
Navy Department, appeared before the 
Naval Committee of the House of Rep- 
resentatives to protest against the con- 
struction of any more submarine boats. 
Lord Goshen, First Lord of the Ad- 
miralty, during a debate, about the same 
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teries, was to be used only in case of 
grave danger which would require the 
boat to actually go below the surface. 
The capacity of the batteries limited 
the boat to not more than three hours 
below the surface at full speed. 


Otherwise the boat was to be fitted 
with routine appliances for maintain- 
ing stability, etc. One feature which 
was new, however, was the arming of 
the boat with torpedoes which were to 
be launched from a special launching 
cradle, the invention of the designer. 


The French Ministry awarded 
Dzhevetsky a prize of 5000 francs for 
his design and accepted the launching 
cradle completely. cradle was 
adopted by the French Navy for all 
their vessels of the submersible type. 
Although the French Ministry gave 
careful consideration to the submersible 
design, there is no evidence to indi- 
cate that it was accepted for produc- 
tion. The French may well have fore- 
seen the ultimate use to which sub- 
marines were to be put in later years. 


time, on the naval budget in the House 
of Commons, speaking against the con- 
struction of submarines, declared that 
“the submarine is a weapon of the poor 
and the weak.” 


Parliament thought otherwise, for 
five Holland-type submarines of 105/- 
120 tons displacement were ordered for 
the English fleet. These were placed 
in service in 1902. 


Russia became concerned at this sud- 
den interest in submarines on the part 


‘of the English, and decided to augment 


her submarine strength as well. A com- 
mission, composed of Lieutenant M. N. 
Beklemishev, a graduate of the Naval 
Academy in the Ship-Constructor 
Branch, a mechanical engineer named 


‘'Goryunov, and a naval engineer named 


Bubnov, was appointed. 
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Engineer Bubnov was the designer, 
and in May, 1901, presented his plans 
to the Naval Technical Committee. The 
plans, as drawn, contemplated the con- 
struction of a submarine of 113 tons 
displacement. In July, 1901,. the order 
for its construction was placed with the 
Baltic Shipbuilding Yard in Peters- 
burg. In the fall of the year, when 
orders were being placed for the vari- 
ous mechanical components, Goryunov 
insisted that the propulsion units be 
Diesel engines. At a time when all 
other submarines had gasoline propul- 


Speed of submersion 
Surface speed 
Submerged speed 


Trials, which were completely success- 
ful, led Bubnov, in the fall of 1903, to 
propose the construction of a better 
boat of 140 tons displacement with a 
speed of 14 knots. The order for its 
construction was delayed until just be- 
fore the outbreak of the Russo- 
Japanese War. 

The outbreak of this conflict, on Jan- 
uary 26, 1°04, forced the Naval Min- 
istry to take special measures for the 
rapid strengthening of the Far Eastern 
Squadron. 

These measures included the placing 
of an order with the Baltic Yard, in 
February, 1904, for the construction of 
four submarines of the Bubnov type, 
to have a displacement of 140 tons; the 
purchase, in America, of Protector 
(137/174 tons) from Simon Lake, as 
well as Fulton from the Holland inter- 
ests. In addition, an order was placed 
with the Nevsky Yard in St. Petersburg 
for five boats of the Holland type, as 
well as an order for five boats of the 
Lake type to be built in America. 


sion, the proposal appeared to be too 
radical, and Goryunov. was ousted. 
Lieutenant Beklemishev took over the 
outfitting of the boat. 

The Holland interests, in the mean- 
time, offered to build a boat of this 
type for the Russian Government, but 
this offer was declined. 


Delfin, as this boat was to be called, 
was launched in June of 1903, at a cost 
of 388,000 rubles, approximately 
$300,000. Characteristics of this sub- 
marine, the first of its type, were as 
follows : 


113/135 tons 
63 feet 
feet 
feet 
minutes 
knots 
-knots 
2 officers, 18 men 
2 reversible torpedo tubes 
of the Dzhevetsky type 


The desperate straits in which Rus- 
sia found herself led the Ministry to 
undertake the ordering of a wooden 
submarine which had been designed by 
a Lieutenant Botkin, as well as the 
alteration of Keta, a Dzhevetsky-type 
submarine which had been built in 
1886. 

Germany, at this time, presented to 
the Russian Government the 16-ton 
Forel, an experimental all-electric sub- 
marine. In April, 1904, the Germania- 
Werft Yard, in Kiel, was given an 
order for three boats of a similar type, 
to have a displacement of 210/235 tons. 
to cost 1,200,000 marks. : 

Mention is also found of the fact 
that a Count Sheremetev contributed 
400,000 rubles and ordered one addi- 
tional boat of the Bubnov type from 
the Baltic Yard, stipulating that it be 
named Feldmarshal Graf Sheremetev, 
in honor of his ancestor, a collaborator 
of Peter the Great. 

Delfin was pressed into service as a 
training ship for officers and crews 
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being assigned to the new construction. 
When Delfin sank, the circumstances 
of which disaster will be detailed later, 
all training was suspended, for the only 
other active submarine was the vir- 
tually useless Forel. It is a sad com- 
mentary on the state of this arm of the 
Navy that, despite all the experiments 
which had been carried on, and despite 
all the money which had been spent on 
the development of submarines prior to 
the unification of the services, when war 
did come, no facilities were available 
for the training of personnel in so spe- 
cialized a field as submarine warfare. 


We are indebted to the Naval Rec- 
ords, and to the former Russian Ad- 
miral, A. V. Plotto, for the story of 
the disaster which overtook Delfin in 
July or August, 1904. One date, as 
given by V. A. Merkushov in his un- 
published account, Brief Outline of the 
Development of the Russian Submarine 
Fleet, 1901-1917, and upon which the 
author has drawn for details, is July 
16, 1904. Plotto is less definite as to 
the date, but more precise as to what 
happened. His account, as translated 
by the author, reveals one of those 
series of unrelated events, which, when 
occurring coincidentally, all too fre- 
quently lead to disaster : 


“|. The accident occurred at 9 
o’clock in the morning and I arrived 
at 10:30. . . . In general the first 
impression was rather overwhelming. 
The accident occurred during a prac- 
tice dive by the school crew. For this 
training 35-40 ratings were assigned 
to the boat, along with a few inex- 
perienced _ officers, and one of the 
more experienced officers. (NoTE: 
The normal crew was two officers 
and eighteen men. Author.) The 
latter, during the instruction period, 
took command of the boat. On this 
particular occasion the boat was in 
a half-submerged condition. Since it 
was forbidden to smoke in the boat, 
Lieutenant Cherkasov, the diving in- 
structor, remained in the conning 
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tower hatch to smoke a cigarette. A 
passing Kronstadt side-wheel steam- 
ship caused a large wave which 
washed over the boat, which at once 
went to the bottom. Cherkasov did 
not lose his wits and began to close 
the hatch. . . . Had this effort been 
successful, all would have been saved. 
The water which had entered the 
boat could have been quickly pumped 
out before it could pour over the 
storage batteries. Unfortunately, one 
of the apprentices, in a panic, threw 
himself on the ladder in the hatch 
and succeeded in forcing himself 
under the hatch cover, where he be- 
came caught. Enough space re- 
mained for the water to come 
through. The boat filled with water, 
a short circuit occurred, followed by 
an explosion of the hydrogen gas and 
gasoline fumes. .. .” 


The commanding officer and about 
twenty-five of the crew were lost. The 
boat was later raised and given a major 
overhaul, but training was ended. In 
fact, the personnel assigned to the new 
construction had no instruction. Plotto 
says: 

“. . reproach Bubnov, of course, 
for the fact that during the entire 
time of the stay at the Baltic Yard, 
he did not find time to deliver, to 
the officers destined to sail on sub- 
marines, at least several lectures on 
the theory of submarine operation and 
on the theory of thermal engines. .. .” 


In July and August, 1904, the Baltic 
Yard launched six boats of the Bubnov 
type, Feldmarshal Graf Sheremetev, 
Kasatka, Skat, Nalim, Markel and 
Okun, all 140-ton boats, costing 400,000 
rubles each. ; 


Only one of the boats, Kasatka, was 
assembled and tested. The others, in 
disassembled condition, were shipped by 
rail to Vladivostok and assembled in 
that port. This was the beginning of 
submarine prefabrication in Russia. Al- 
though prefabrication was used exten- 
sively by the Soviets prior to World 
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War II, Czarist Russia must be credited 
with the origination of the idea. 


Kasatka differed in some respects 
from Delfin—and for the worse, as it 
developed. Where the latter had gasoline 
engines capable of driving the boat at 
9 knots, the former, as will be seen, 
did not approach this speed. The most 
glaring design fault, in the Kasatka 
class, lay in the fact that the conning 
tower, for some unexplained reason, 
was placed close to the bow. Trials of 
the one boat were held in Kronstadt, 
and were unsuccessful, primarily be- 
cause Kasatka was not ready. 


In the first place, the gasoline pro- 
pulsion engines were never delivered. 
These engines, ordered from Nueren- 
berg, Germany, were not ready in time 
to be installed. As a makeshift arrange- 
ment, it was decided to install a small 
dynamo of the Panier type, to be used 
for charging the storage batteries. Then 
it was decided that this dynamo was to 
be used for electric-drive on the sur- 
face—changing over to batteries when 
submerged. This decision resulted in 
a reduction in speed to 4% knots on 
the surface, even in calm weather. Sub- 
merged speed remained at 7 knots, 
however. One gain was made from this 
arrangement. Because the fuel tank in- 
stallation had been designed for gaso- 
line engine drive, the smaller consump- 
tion by the dynamo prime mover gave 
the boats a far greater cruising radius 
than was anticipated. 


In actual operation the boat was a 
source of continual headaches to the 
personnel. Submersion was a difficult 
maneuver, for trimming was virtually 
impossible. The difficulties were over- 
come, not by the designers, who, so far 
as can be determined, never entered 
any of the boats once they were afloat, 
but by the operating personnel. 

N. A. Smirnov, instructor in physics 
and mathematics in the Torpedo Offi- 
cer’s School, and later second officer 
in Kasatka, is credited with solving the 
mystery of failure to trim properly, as 
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well as developing a cure for the ail- 
ment. 


The transference of the conning 
tower to a point well forward on the 
hull resulted in the displacement of the 
center of buoyancy too far forward, so 
that constant manipulation of the bow 
rudders, or planes, which were manu- 
ally operated, was required. Time was 
lacking for the accomplishment of the 
necessary alteration, and Smirnov came 
forward with a proposal involving the 
installation of a false conning tower 
placed well aft. Installation of this 
tower solved the problem for the Ka- 
satka, and the boats shipped to the Far 
East, reported that now the smallest 
rudder changes were answered, with 
very little movement necessary to ob- 
tain the results desired. 


As usually happens, one thing led to 
another. Since no provisions had been 
made for carrying fresh water, Lieu- 
tenant Zabotkin, skipper of Feldmarshal 
Graf Sheremetev, suggested carrying 
fresh water in the false tower. The idea 
proved to be a good one, eliminating the 
necessity for installing fresh water 
tanks in the hull. 


There remained one problem, how- 
ever. The hulls of the boats had been 
built to withstand a pressure of 300 
feet. New conning towers, to be or- 
dered later, if built to this specification, 
would make the boats top-heavy. As it 
developed, when the new conning tow- 
ers were installed, in 1906-1907, they 
were the weakest part of the boat, with 
the safe depth being only 120 feet. 


Ultimately all these boats arrived in 
Vladivostok, where they were assem- 
bled and altered in accordance with 
Smirnov’s suggestion. Plotto tells us 
that from January, 1905, until the 
armistice, fourteen boats arrived in 
Vladivostok : 


Bubnov type (Delfin, Forel) 2 
Bubnov type (improved)... 5 
3 
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By March, only seven were opera- 
tional. The ready boats made patrols 
which were designed to show the Jap- 
anese that submarines were in the area, 
for Plotto says: 

“.. . General Kazbek asked me to 
be sure and show myself to the Jap- 
anese, so that they would know that 
if they attacked Vladivostok, they 
would be met by submarines. . . .” 


Not more than nine of the fourteen 
became operational before the armis- 
tice, and the question of how much the 
Japanese feared these craft, this fleet 
in being, is questionable. Certainly 
their presence in the Far East had no 
effect on the outcome of the war. Tor- 
pedoes might have been used if they 
had not rusted into useless weapons be- 
cause of their exposed position on the 
outside of the boat. But even this is 
doubtful, for the express mission of the 
boats was to patrol the coasts—not to 
engage in offensive maneuvers. 


While the Vladivostok squadron was 
being assembled, the Naval Ministry 
was engaged in a futile attempt to pur- 
chase warships from the South Ameri- 
can republics. Some means had to be 
found to increase the naval strength of 
the Empire, for it was becoming’ in- 
creasingly clear that naval strength was 
to be the decisive factor in the struggle 
with Japan. Since the construction of 
surface craft would take too long, it 
was decided that the offer made by 
Simon Lake, involving the construc- 
tion of large submarines, was accept- 
able. Lake promised submarines capa- 
ble of staying at sea in all kinds of 
weather, having great speed, large 
cruising radius, and strong armament. 

The decision to accept this offer was 
not without merit. It was supposed that 
these submarines could be finished in 
time to be of assistance in the Far 
East. Further, because of the proposed 
cruising radius and ability to submerge, 
the boats could reach Vladivostok safe- 
ly. This being possible, it was logical 
to assume that the boats could operate 
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successfully, not only in the open sea, 
but along the Japanese coast as well. 
This assumption was based on the fact 
that anti-submarine warfare, as we 
know it today, was unheard of, and sub- 
marines were incapable of being block- 
aded. Since the boats were to be armed, 
the submarines could engage light ene- 
my vessels on terms of relative equality, 
particularly since, with decks awash, 
they offered a small target, and had 
the protection of a water cushion for 
the hull. Then, too, fitted with the spe- 
cial diving compartment, or air lock, 
of the Lake design, this class would be 
able, unnoticed, to destroy enemy mine 
fields and cut communications between 
Japan and the mainland. 


With all this, one fails to find any 
mention made of the possible use of 
the submarine as a commerce destroyer. 
While it is true that torpedo approach 
runs on a warship, or other vessel, 
necessitated firing from a range of only 
300 yards, the relative impunity under 
which the submarine could operate 
against merchant shipping was ‘com- 
pletely overlooked. It remained for the 
Germans to bring the submarine to the 
fore as the primary weapon of offense 
against commercial shipping, and for 
the United States to prove that a relent- 
less war against this type of shipping 
can reduce a nation dependent on the 
sea lanes for supplies to a state of im- 
potency. 


The outcome of the contract, let on 
April 1, 1905, for Simon Lake to build 
Alligator, Drakon, Kaiman and Kroko- 
dil in the Kreiton Yard in St. Peters- 
burg, was an unhappy one, at least for 
the Russians. These boats were to have 
a displacement of 410/482 tons, a speed 
of 15 knots, cruising radius of 3500 
miles, and were to be armed with four 
torpedo tubes, two 47-mm guns at the 
extremities of the conning tower, and 
four inches of armor. Acceptance was 
based on the requirement that the boats, 
without fuel replenishment, make the 
passage from Kronstadt to Port Said. 
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The results, as already mentioned, 
were unhappy. Mr. Lake’s account? 
differs from the account given by Mer- 
houshev, which is related, it is believed, 
for the first time: _ 


“. . . We must not forget that this 
was in the beginning of 1905.... It 
wasn’t the fault of the Ministry that 
its proud dreams were destined not 
to be realized, but, rather, because of 
the lacks in the technical abilities of 
the times. Construction dragged on 
for all of five years, and, instead of 
underwater cruisers, the result was a 
number of worthless submarines 
which were unable to submerge and 
invariably stood on end, first by the 
bow, then by the stern. After long 
experiments, the American engineers, 
with Lake at the head, officially ac- 
knowleged their helplessness to assist 
and suggested to the Naval Ministry 
that it accept the boats as they were. 
On the spur of the moment the Min- 
istry replied that it didn’t need sub- 
marines which were unable to sub- 
merge, and that Lake could do with 
them what he wanted. The American 
decided to tow them to Sweden and 
to offer them to the Swedish Govern- 
ment at a reasonable price. The 
Ministry suddenly realized that three 
million rubles had been paid and that 
there remained the last payment in 
the amount of one million rubles. In 
addition, it was possible that the 
Swedes would succeed in making the 
boats submerge. Then the Swedish 
fleet, for an insignificant sum, would, 
immediately, be strengthened by four 
battle units. This, evidently, could 
not be condoned. ...” 


The four boats involved were about 
twice the size of any submarine built 
previously. It is little wonder, there- 
fore, that the Russian authorities sét- 
tled on a course which led to the man- 
ning of the unfinished boats by Russian 
crews and sailing them from Kronstadt 
to Biorke, in Finland. Here a series 
of trials were conducted and it was 
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found that previous troubles were 
caused by the fact that, somehow, the 
boats had been overloaded by a matter 
of some twelve tons. 


Since it was imperative that the boats 
be lightened, the problem was to re- 
move something—despite the fact that 
no superfluous weight was apparent. 
While the problem was being consid- 
ered, the four boats were taken to 
Revel, late in the fall of 1910, where, 
in the course of the winter, they were 
rebuilt. Funds were forthcoming from 
the one million rubles owed, and un- 
paid to Lake and his associates. This 
fund was placed at the complete dis- 
posal of the individual commanders, to 
be used for making repairs required to 
make the boats operational. In order 
to cut through the usual governmental 
red-tape, the commanders were further 
authorized, in their own names, to give 
orders to private yards and plants, as 
well as to government plants. 


The plan for the lightening of the 
boats, as finally developed, involved the 
removal of four of the engine cylinders 
and altering the foundations. It was 
anticipated that speed would be re- 
duced by a knot and one-half, but since 
no other large weights existed, the sac- 
rifice was considered satisfactory. Al- 
though the plan was opposed, in fact 
disapproved, by the Naval General 
Staff, the commanders reported that, 
acting upon their previous directives, 
the alteration had already been accom- 
plished. This initiative and ability on 
the part of Russian submarine personnel 
is evident throughout the history of 
early submarine construction in Czarist 
Russia, and is, in fact borne out by 
Simon Lake himself, who noted that: 


“T am somewhat puzzled by the re- 
ports of the apparent ineptitude of 
the Russians in dealing with mechan- 
ical matters. I found them excellent 
mechanics, for the most part, and in 
some things they were way ahead 
of ts...." 
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At the time alterations were being 
accomplished, a ballast-compensation 
system was installed. Pumps, driven by 
the engines, pumped water into a tank 
in an amount equal to the petrol ex- 
pended in engine operation. This system 
resulted in the ability to maintain any 
given condition of ballasting, or very 
nearly so. Submersion, as a result, was 
greatly accelerated. 

As a further, and unexpected weight 
reduction, the 47-mm conning tower 
gun was discarded. The removal of the 
weapon was of little importance since 
train in azimuth was impossible and 
elevation was limited to some three de- 
grees. Torpedo armament was, how- 
ever, increased by two external, reversi- 
ble tubes of the Dzhevetsky-Podgorny 
type, able to fire in traverse. 

By the spring of 1911 the four boats 
could submerge in five minutes, causing 
no trouble in the process, and handling 
themselves well while submerged. Un- 
derwater speed exceeded the contract 
speed ; 714 knots instead of the six called 
for by the designers. 

It cannot be denied that full credit 
for the successful alterations goes to the 
naval personnel concerned. The solu- 
tion of a technical problem which had, 
apparently, baffled the designers, by 
those officers and men of the submarine 
service who had, after barely five years 
of work with submarines, been able to 
come up with an answer is refutation 
of the rather widespread belief that 
submarine work going on in Russia to- 
day is something new. Contrary to this 
belief, Russian shipyard workers have 
a long history of submarine work be- 
hind them and it is not impossible that 
workers in this field have remained 
and passed along to younger workers 
the knowledge accumulated over the 
years. And this despite the change in 
government. 

The unhappy results of the Lake con- 
tract did not deter the Russians in 
their efforts to build the fleet up to 
war strength. Nor did the termination 
of the Russo-Japanese War cause can- 
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cellation of plans. In the spring of 
1906, Sterlyad, of the Holland type, 
built in the Nevsky Yard, in St. Peters- 
burg, was placed in service. 


At this time the need for training 
loomed large. In order to establish a 
training program, there was formed a 
Training Division® with Rear Admi- 
ral Shchensnovich, appointed Chief of 
the Submarine Service on April 22, 
1905, as first commander. 


School was set up, in the fall of 
1906, in an abandoned barracks. Once 
underway, training accelerated and the 
number of students, both officers and 
ratings, increased. But it was not until 
1908 that training took any other form 
than that of practical work on the boats 
assigned to the Training Division. This 
was due, primarily, to the fact that 
there was no classroom program, as 
such, nor were there any teachers with 
sufficient experience to teach. Then, too, 
equipment was lacking. 


In the spring of 1907, the Admiral 
was relieved by Commodore P. P. Le- 
vitsky, who had commanded the cruiser 
Zhemchug during the battle of Tsu- 
shima. Levitsky was a hard-working 
officer who took part in all phases of 
the training program, such as it was, 
and he began to make changes in an 
effort to establish a realistic training 
program. 


The training program demanded that 
every officer know not only the arrange- 
ment plans of the submarines, but also 
be thoroughly familiar with handling 
the boats under all cruising conditions. 
A thorough knowledge of all machinery 
was mandatory and each officer was 
required to handle the boat independ- 
ently. Student officers carried out the 
duties normally assigned to the ratings, 
such as controlling the vertical and 
horizontal rudders, standing watch at 
the electrical station, on the engines, 
air pumps, valves controlling the flood- 
ing and ballasting systems, etc. The 
care of the Whitehead torpedoes, and 
the procedure for loading the tubes, was 
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also part of the training program. There 
seems to be little question that train- 
ing was thorough and that, while the 
older boats did not carry engineers, 
the officers and crews were able to 
handle their boats rather well. 


Casualty drills were conducted and 
since every dive was an unknown quan- 
tity, officers and crews soon became 
accustomed te emergency conditions 
and reacted accordingly. As a result 
the crews had more than a nodding ac- 
quaintance with their specialties and 
the arrangements of their boats. In 
addition they became familiar with all 
maneuvers for the various conditions 
of cruising and displayed “personal 
initiative, sagacity, and resourceful- 
ness.” 

The annual overhaul period, under- 
taken by the officers and crews, was 
superintended by these personnel so that 
the crews were able further to famili- 
arize themselves with their machinery. 
The majority of the alterations and 
improvements were made on the ini- 
tiative and under the direction of sub- 
marine personnel. 


The diversity in training, as well as 
the stability of assignment to a certain 
boat, resulted in relatively good safety. 
Despite the rather primitive construc- 
tion of the first submarines, four boats, 
Delfin, Kambala, Forel, and Minova, 
were all that were lost up to the first 
World War. Loss of life occurred in 
only two of the mishaps. This safety 
record compares favorably with that of 
other nations during the same period. 


No attempt was made to draft men 
for submarine service. Both officers and 
men were volunteers, but few people 
had the necessary faith in the battle ca- 
pacity of this comparatively new weap- 
on, and very few officers volunteered 
despite a slightly higher pay rate in 
the lowest ranks. The feeling was ex- 
pressed that “they wouldn’t serve in 
steel coffins, much less in those which 
were submerged.” Most of the volun- 
teers returned to surface duty as soom 
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as possible so there was no trained 
officer reserve to fall back on when new 
personnel were needed to man new 
boats. 


The situation was much better with 
respect to enlisted personnel. Increased 
pay was an incentive, as were the faster 
promotions to petty officer rating. In 
addition, it was possible to earn over- 
time pay in an amount equal to 50 
percent of the base pay for the rating. 


In August, 1907, the operable sub- 
marines took part in their first man- 
euvers with the fleet. These maneuvers, 
in the Gulf of Finland, proved that the 
new weapon could operate with the 
fleet, within limits, and submarine par- 
ticipation led to further building, not 
only on government contract, but by 
private firms as well. 


The Nevsky Shipbuilding Yard un- 
dertook the construction of Sudak, 105 
tons, and won acceptance for its prod- 
uct. This boat, together with Losos, 
were shipped to Sevastopol by rail, and 
formed the nucleus of a Black Sea fleet. 


In the fall of 1907, Karp, Karas and 
Kambala arrived in Libava. These boats 
had been built in Kiel, in the Germania- 
Werft Yard. They were manned by 
graduates of the Training Division and, 
in convoy with Khabarovsk, made the 
trip from Kiel to Libava without mis- 
hap. 

The story of this order is a rather 
interesting one. 


Forel, it will be recalled, was pre- 
sented to Russia by Emperor Wilhelm 
II, of Germany. This boat, of 16 tons 
displacement, was the brainchild of a 
Frenchman,. D’Ekville, who, since he 
was unable to interest the French Gov- 
ernment in his plans, offered the same 
plans to Germany, which country, at 
the time, had no submarines. The Ger- 
man Naval Ministry agreed to finance 
the building of the all-electric, experi- 
mental Forel, which was to perish, ulti- 
mately, in the Vladivostok area during 
the Russo-Japanese War. 


‘marine construction. 


_Minoga, 
- 370/475 tons, built from plans devel- 
oped the previous year by Bubnov. 
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As a result of German generosity, 
Russia placed’an order for Karp, Karas, 
and Kambala, which were three years 
abuilding. The delay is understandable 
when it is remembered that German 
shipyards lacked experience sub- 
However, the 
ironic tone of the accounts of this order 
stem from the fact that inexperience 
was not the only reason for the delay 
in completing the order. German in- 


‘terest in submarines was increasing, 


and here was an opportunity to experi- 
ment—with someone else’s money. The 
boats were put through a’ series of tests 
which the Russians *believed enabled the 
Germans to obtain: all the data: neces- 
sary for planning their first submarine 
which, as a result; was better than any 
the, Russians had. -““Thus, on Russian 


-money; the Germans learned submarine 
¢tuising and, consequently, were able 
immediately to start,the construction of 


a basic type, from which an. underseas 
fleet was created. which almost gave the 
victory to Germany*in the war of 1914- 
18,” is the way “Merkoushev expressed 
the feeling in Russia. 

In addition to the German-built boats, 
the Baltic Yard, in 1907, laid down 
123/144 tons, and Akula, 


Minoga.was accepted by the govern- 
ment at the end.of 1909; Akula in the 
spring of 1911. 

Late in the fall. of 1907, satertiaina 
of all submarine. affairs was transferred 
to the Department of the Chief Inspec- 
tor of Torpedo Affairs, and a subsec- 


.tion, concerned only with submarines, 


was established under Commodore M. 
N. Beklemishev. 

So engrossed were the Russians with 
submarine construction that any scheme 
which offered any hope of success was 
undertaken. An example of one such 
scheme was the construction, in Niko- 
laev, in 1908, of what was to be the 
first mine-laying submarine in the 
world—the 512/752-ton Krab. This 
boat, the project of one Naletov, was 


boats. to Sevastopol, 


to five. 


a dismal failure. The designer, a rail- 
road engineer, had never before at- 
tempted the construction of a vessel, to 
say nothing of constructing a sub- 
marine. It was, therefore,’ little wonder 
that construction dragged on until the 
summer of 1915 and that, when the 
boat was finally operational, it became 


“known as the “box of surprises.” Al- 


though her personnel managed to elimi- 


‘nate most of the bugs, the experiment 


was hardly a success. 

At the same time'a Dzhevetsky-type 
submarine, built by popular subscrip- 
tion, was placed in service. This boat 
made use of petrol engines, not only 
for cruising on the surface, but: ‘under- 
water as well. Compressed air for en- 
gine use replaced the ustial storage bat- 


‘teries, but little advantage was gained. 
'The boat exhausted great gas bubbles 


which were visible at a great distance. 
This effort, named‘ ‘Pochtovy, was 
stricken from the records, of the fleet in 
1913. 

In the spring of 1908, Russia became 
embroiled with Turkey, and took the 
occasion to move the German-built 
increasing’ the 
number of submarines in ‘the Black Sea 
Karas, Karp’ and Kambala 
were so constructed that the hulls could 
be taken apart and the individual séc- 
tions could be shipped by rail. How- 
ever, the connective flanges, together 
with the nuts and bolts used to hold 
the sections together, rusted ‘very 
quickly and corrosion, caused by the 
salt water, was extensive. Consequent- 
ly, the hulls were weak, so weak, in 
fact, that by the beginning of the first 
World War the commanders of the 
boats had orders not to submerge more 
than 60 feet. 

On May, 1909, during a night prac- 
tice attack on the squadron returning 
to Sevastopol, Kambala, running half 
submerged, was hit by the armored 
bow of the battleship Rostislav and was 
cut in two. She went down with her 
crew of twenty, and only one man, the 
commanding officer, who had been on 
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the upper deck of the submarine, was 
saved. 

Makrel and Okun, Bubnov-type boats, 
of 140/177 tons, which had been in 
construction since 1904 in the Baltic 
Yard, were finally delivered in 1909, 
and then only after extensive alterations 
had been made. 

Numerically the fleet gained nothing, 
for a year later Forel, while in tow of 
Plotva, was swamped by a wave and 
sunk in the Vladivostok area. The tiny 
craft was raised, but because it was 
considered to be useless for battle pur- 
poses it was not refitted, but was strick- 
en from the fleet list. 

Organizational work went along with 
construction and by the end of 1910 a 
Brigade of Submarines was formed in 
the Baltic Sea, under command of Rear 
Admiral P. P. Levitsky. This Brigade, 
within four years, was composed of two 
divisions, as follows: 

1st Division—Akula, Minoga, Mak- 
rel, Okun 
2nd Division—Alligator, Drakon, 
Kaiman, Krokodil 
and the tenders Khabarovsk and Yev- 
ropa. 

Morzh, Tulen and Nerpa, 630/784 
tons, 16/12 knots, of the Bubnov-type, 
were laid down in Nikolaev in 1912, 
and in 1913 Kit, Kashalot, Narval, 
621/750 tons, 16/12 knots, of the 
Holland-type, were put down. The 
Black Sea area thus became a sub- 
marine construction center and built the 
boats for use in that area, eliminating 
the need for transporting the hulls 
overland. 

In the north, at the Putilov Wharfs, 
in St. Petersburg, the construction of 
the rescue ship Volkhov was begun. 
This 800-ton vessel, the forerunner of 
the ARS-type of modern vessel, was to 
be used especially for the raising of 
foundered submarines. It was modeled 
after the German Vulcan, and like it, 
consisted of two ships, joined at the 
bow and stern, between which the sub- 
marine was to be raised. Salvage pumps 
were installed, and cranes, capable of 
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raising a submarine from a depth of 
180-feet in about two hours, were also 
installed. Shops were provided and fa- 
cilities for caring for injured persons 
were incorporated. 

During 1913, disaster overtook Mi- 
noga, which sank with all hands during 
an experimental dive. Salvage was ac- 
complished in twelve hours, however, 
and there were no casualties. 

During the same year, the newly- 
constructed Noble-Lessner Yard, in 
Revel, laid down twelve submarines of 
the Bubnov type, of 650/784 tons, 18/- 
9.5 knots. The Baltic Yard, and its 
branch in Nikolaev, split an order for 
twelve boats between them.” 

These boats were not finished prior 
to the outbreak of the first World War, 
with the result that, at the beginning of 
the war, despite the great effort put 
forth on the development of a “silent 
service,’ Russia had, in the Baltic Sea, 
only one brigade of eight obsolete 
(1904-1906) submarines, of small dis- 
placement (123/144 to 410/482 tons) 
and slow speed (8 to 12 knots), 
equipped with worn out machinery and 
incapable of submerging in less than 
from three to five minutes. Oddly 
enough, it does not appear to have 
dawned on the crews of the boats that 
they would be called upon to man such 
obsolete weapons under wartime con- 
ditions. Yet, when war did come, these 
same boats were operated, and although 
they compiled no tonnage sunk records, 
their presence in the Baltic presented a 
threat to the Germans out of all pro- 
portion to their actual effectiveness. 

Conditions were the same all around 
the coastal periphery of pre-World War 
I Russia. The Black Sea knew only 
Losos, Sudak, Karp and Karas, all ob- 
solete and useful only for training pur- 
poses. Vladivostok harbored nine sub- 
marines, only four of which could be 
considered as even slightly effective. 

To further complicate the situation, 
the Army Engineer’s Corps, in 1912, 
took over the defense of Kronstadt Har- 
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bor, and decided to build a submarine 
fleet of its very own. The order was 
placed with the Nevsky Yard and con- 
sisted of three Holland-type submarines 
of 33/44 tons each. Ultimately the Na- 
val Ministry was to inherit these craft, 
called by numbers the 1, 2, and 3, but 
only after their utter uselessness was 
apparent even to the Engineers. These 
boats were transported from place to 


The outbreak of war, on July 18, 
1914, found Russia in sad straits. While 
many orders had been placed, actual 
delivery was for some time in the fu- 
ture. Training, as was noted above, 
was somewhat better, but organization 
was in the development stage. 


In fact it was not until just prior to 
the outbreak of actual hostilities, July 
9, 1914, that Commodore A. V. Kol- 
chak, Chief of the Operations Branch 
of the Staff of the Commander of Naval 
Forces, so much as visited the Brigade 
of Submarines in the Baltic. He sat 
as chairman of a committee, composed 
of the commanders and staff specialists 
assigned to submarines, whose purpose 
it was to consider ways and means of 
strengthening the fleet. The result of 
this meeting was the decision to con- 
struct, as rapidly as possible, thirty 
more submarines, in addition to those 
building. This decision, coming as it 
did at the outbreak of war, was never 
implemented, primarily because of the 
confusion generated by the hostilities. 


During the winter of 1914-15, Ad- 
miral Rusin, Chief of the Naval Gen- 
eral Staff, proposed that a program of 
submarine construction be inaugurated. 
Afloat personnel of the Baltic and Black 
Sea fleets were again called in, and 
agreement was reached on a program. 
A competition was announced, and the 
best plans submitted in answer were 
those drawn by Holland, for a 950-ton 
boat. The Italian firm, Fiat, submitted 
equally good plans for a 920-ton boat. 


RUSSIA’S SUBMARINES (1850-1918) 


WORLD WAR I 


845 


place in the Gulfs of Finland and Riga, 
they made their appearance on the 
Danube and even in the White Sea, 
for what purpose has never been deter- 
mined. Their fragility was apparent 
and their 50-hp. Diesel engines were 
very seldom operative. Batteries of the 
alkaline type had been installed but 
“were absolutely no good at all.” 


In addition, since it was considered 
necessary to develop a purely Russian 
type, the commission decided to order 
several submarines of the Bubnov de- 
sign of 930-tons surface displacement. 
Bubnov’s designs, for all their faults, 
were the best in the fleet at the time. 

Late in the fall of 1915 the study of 
plans was concluded. In December, 
1915, five Russian yards received orders 
for the construction of the first seventy 
submarines, some of which were re- 
quired to be in service by the end of 
1917, and some in early 1918. 

Altogether this program called for 
114 submarines, 112 to be standard 
types, and two to be experimental units. 
The decree covering this construction 
was promulgated in March, 1915, and 
stated that all construction was to be 
finished by 1920. 

It was the hope of the planners that 
the 1912 building program would pro- 
vide the needed units until the fruits 
of the 1915 program were ripe, at which 
time Russia felt that her submarine 
strength would be adequate to cope with 
any attacks from the sea areas which 
surrounded her. 

The competition-winning Holland 
boat had the following characteristics: 

Displacement, surface.... 950 tons 

Displacement, submerged 1200 tons 


Speed, surface .......... 16 knots 
Speed, submerged ...... 9 knots 
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The plans, as drawn, ‘called for the 
installation of four, 550-hp. Diesel en- 
gines, to be used for main drive on the 
surface and for driving the dynamos 
which were to furnish the motive power 
while submerged. Specifications re- 
quired that the boats be capable of 
staying down and moving at a speed 
of at least 5 knots for not less than 
100 miles. Not more than one minute 
was permitted for diving from a com- 
pletely surfaced condition. Only twenty 
seconds was permitted for a dive from 
the awash position. Hull strength was 
to be such as to withstand pressures 
encountered at 300 feet. Three peri- 
scopes. were to. be installed in order 
to afford the maximum in mens and 
maneuy etability.., 


was include two 100- 
mm, guns, one 57-mm. anti-aircraft 
gun, and twelve torpedo tubes, eight 
of which were to be internal tubes, and 
four external tubes, of the reversible 
type as designed and improved by 
_Dzhevetsky, Podgorny, and Levitsky. 


Various improvements, determined as 
necessary from the experience gained 
in. actual wartime operations, were. to 
be incorporated: These improvements, 
as. projected, are of interest because 
many of them, in greatly improved form, 
have been incorporated in modern sub- 
marines. For example, it was decided 
to install a means of permitting the 
boats to enter enemy minefields without 
becoming entangled in the mine anchor 
cables. Means were to be provided to 
avoid entanglement in whatever nets 
might be encountered at harbor en- 
trances. Senior Lieutenant P. E.,Stogov 
is credited with the design for a system 
of radio-telegraph which was to oper- 
ate when the boat was completely sub- 
merged, regardless of depth. Unfor- 
tunately, no details are available, nor 
can it be determined whether tests were 
conclusive. Some means of underwater 
signaling was also contemplated. In 
recognition of the need for better. liv- 
ing quarters during protracted .sub- 
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merged operations, crew’s spaces were 
improved so as to make submarine life 
a little more pleasant. 

Late in the fall of 1915, twelve sub- 
marines of the Holland type, of 350 tons 
displacement, arrived from the United 
States in disassembled form. Five of 
these were assigned to the Baltic, the 
remainder to the Sevastopol area. The 
Baltic boats were placed in service in 
the spring of 1916, but only two of the 
seven assigned to the Black Sea were 
in service prior to the outbreak of the 
Revolution. 

This waste was caused by the com- 
plete breakdown of rail service in Rus- 
sia. Never adequate, rail transporta- 
tion was unable to cope with wartime 
needs, with the result that the Naval 
Ministry was unable to arrange trans- 
portation to the Black Sea for the 
remainder of the shipment. 

It is well to remember that this ac- 
count deals with the years of the first 
World ‘War, at a time when sudden 


.German superiority in the field of sub- 


marine construction was so marked as 
to cause wonderment that other, equally 
advanced nations, technically speaking, 
were so far behind in this field. 
Russia, despite all her efforts, was no 
exception. Although the possessor of 
a submarine fleet, Russian submarines 
were not, in any sense, modern vessels. 
In fact, the description of the most 
modern boats, contained in a Soviet 
book,® is worthy of note. The book is 
based on an unfinished manuscript by 
the historian of the Russian Imperial 
Navy, V. A. Merkushov, titled Sub- 
marines in the World War. Tomashe- 


.vich, in his foreword, notes that he 


used the manuscript . in view of 
the fact that there is little data in the 
archival documents concerning the ac- 
tivity of submarines at the beginning 
of the war...” It may, therefore, be 
assumed that the facts, as published in 
1939, are reasonably accurate. 


Akula was the newest and best of the 
boats. It could remain at sea for about 
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two weeks, Fuel storage was sufficient 


to give the boat a cruising radius of 


about 1000 miles on the surface, with 


both Diesel engines in operation. How-: 


ever, no storage was provided for lu- 
bricating oil, space having been given 
to spare torpedo stowage. The Diesel 
engines lacked mufflers, with the result 
that the presence of the boat could be 
detected at great distances. Akula ap- 
pears to have been grounded during her 
first battle cruise and the damage caused 
to her rudder and one shaft restricted 
her -operations. In fact, Akula could 
not submerge but was continued in use 
until she was lost on patrol late in 1915, 
cause unknown. This submarine is 
credited with having engaged in a total 
of five attacks on enenty vessels, during 
which ten torpedoes were launched, 
with no hits being recorded. 


Minoga, also fitted with Diesel en- 
gines, was capable of rather lengthy 
cruises, but because of her size, a mere 
120 tons, was virtually unlivable for 
extended periods of time. Although the 
boat was fitted with two bow tubes, it 
was impossible to fire both of them si- 
multaneously because trim could not be 
maintained. 


Makrel and Okun encountered con- 
tinual difficulties with their engines. 
Each had but one engine, driving a 
dynamo. It is obvious that any engine 
trouble resulted in loss of propulsion. 
This fact, together with their small size, 
150 tons, made them very unseaworthy. 
Coupled with these factors was the un- 
reliability of the horizontal rudders, 
which broke down at frequent intervals. 
These two were usually sent to sea in 
tow of the tender, evidently in order 
to conserve engine use, and in the hope 
that they would manage to return to 
base under their own power. Despite 
all their shortcomings, Okun at least is 
credited with having made eleven at- 
tacks during which six torpedoes were 
launched. 


Alligator, Drakon, Kaiman and 
Krokodil never became seaworthy. The 
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hulls were sheathed with wooden bars 
15-cm. thick. The decks were also of 
wood, 7.5-cm. thick:- The wooden bars 
on the hull were sheathed with gal- 
vanized iron. In the summer months, 
if the boats were not submerged at fre- 
quent intervals, the wood dried out and 
warped. During periods of ‘frequent and 
protracted submersion, the wood swelled 
and twisted. The result of this frequent 
working of the bars was the develop- 
ment of leaks in the superstructure, so 
that when the weather made up cruising 
became extremely hazardous. Never- 
theless, Drakon participated in six at- 
tacks and. fired twelve torpedoes. Alli- 
gator was close behind, but Kaiman 
and Krokodil were of little use. 

Everything being equal, the fighting 
qualities of the boats appear to have 
been determined by the aggressiveness 
of the commanding officers, and in view 
of the historical data, the courage and 
ability of the men who manned these 
boats was of the highest order. 

Added to the hazards of going to sea 
in these submarines was the fact that 
buoyancy was destroyed by the ad- 
sorption of water by the wooden con- 
struction. Too, the hulls were weak, 
limiting submersion to about 90 feet. 
The draught, 16 feet, hampered the boats 
when shallow harbors were encountered. 
The gasoline motors were a source of 
constant mechanical trouble and since - 
they used up the oxygen in the boats, 
personnel were in danger of suffoca- 
tion. 

It is little wonder that the planners 
attempted to incorporate in the new de- 
signs all the changes and improvements 
which were noted in the plans drawn 
by Holland and Fiat. 


By 1916, as the boats ordered in 
1912 began to come off the ways, a 
new program for submarine construc- 
tion was delineated. Envisioned were 
“submarine cruisers,” of 2000 tons dis- 
placement. Just what led to the deci- 
sion to build such large submarines, 
particularly in view of the penchant for 
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small coastal.types up to this time, is 
not clear. Nevertheless competition was 
announced and the Noble-Lessner Yard 
in Revel: and the Baltic Yard, a State 
yard, submitted plans. It was difficult 
for the commission to decide between 
the two sets of plans, so the decision 
was to let each plant build one boat, 
and after trials had been completed to 
settle on the mass production of the 
better boat. The order to begin con- 
struction was issued on December 9, 
1916. 


The plans, as submitted, showed the 
following characteristics : 


Displacement, surface .. 2,000 tons 
Displacement, submerged 3,000 tons 


Speed, surfaced ....... 20 knots 
Speed, submerged .... 10 knots 
Speed of submersion : 

From fully surfaced... 1 minute 

From awash ........ 15-20 seconds 


Propulsion was to be obtained from 
two 2000-hp. Diesel engines connected 
directly to the shafts. Two other Die- 
sels, each of 1350-hp., were to be used 
to drive the dynamos, which were to 
provide current for two electric motors, 
each of 800-hp., to be used during sub- 
merged periods. Fuel capacity was to 
be 150 tons. Two of the main ballast 
tanks were to be so fitted as to serve 
as additional fuel tanks, doubling ca- 
pacity, and giving the boats a surfaced 
cruising radius of up to 12,000 miles. 
Submerged radius was estimated at 
150 miles at five knots and 200 miles 
at three knots. The hull was to be 
subdivided by watertight bulkheads and 
fitted with triple bottoms so that in the 
event of a mine explosion, not more 
than 25 tons of water would enter the 
hull. 

Armament was to include four 100- 
mm. guns, installed in pairs, fore and 
aft of the conning tower, and two 57- 
mm. anti-aircraft guns. It was planned 
that the torpedo tube installation would 


total nineteen. Thirteen were to be in- 


ternal, four in the bow, three in the. 


stern, six traversing in sets of three to 
a side. Six were to be external, three 
on a side, of the reversible Dzhevetsky, 
Podgorny, Levitsky type. 

While this planning was going on the 
war situation created more and greater 
problems for the Navy. One of these 
problems was concerned with the ne- 
cessity for developing some means of 
hampering the movement of German 
vessels in the Baltic. While England 
had sent some submarines into the Bal- 
tic, and while these boats enjoyed more 
success than the Russian boats, the re- 
sults were negligible. It was realized 
that mining operations were necessary 
and, as a means of accomplishing these 
operations, alterations were made to 
Yersh and Forel, under construction in 
the Baltic Yard, in order to convert 
them into submarine mine layers. By 
the summer of 1917, during trials in 
Revel, Yersh proved, according to the 
standards of the times, to be in excel- 
lent shape. “Her battle qualities were 
so high that she had no equal, at that 
time, in any of the foreign fleets,” is 
the somewhat over-enthusiastic way in 
which Merkushev expressed his feel- 
ings. 


This event was, however, in the fu- 
ture. In 1916 the urgency was great 
and a contract, calling for the construc- 
tion of 235-ton mine layers, was let 
to the Baltic Yard. These boats were to 
carry from 16 to 20 mines and were to 
be ready by July, 1917, an elapsed build- 
ing time of seven months. 


One final contract, springing from the 
same need, was contemplated. Once 
again the afloat personnel were called 
upon, this time to assist in the develop- 
ment of plans for large mine layers, 
capable of carrying 150 mines within 
the pressure hull so they might be serv- 
iced and inspected inside the boat. 
While these boats never got beyond the 
drawing board stage, their character- 
istics are interesting because of their 


848 


{ 
4 
{ 
‘ 


RUSSIA’S SUBMARINES (1850-1918) 


size and great cruising radius, plus the 
fact that the limitations imposed’ by 
smaller sized submarines had begun to 
impress themselves on the planners. It 
must have been apparent to the Rus- 
sians that German U-boats could ac- 
complish missions never before thought 
of and that larger boats, with greater 
cruising, were required. What the peo- 
ple going to sea in submarines thought 
they needed was a boat something like 
this: 


Displacement, surface... 1,700 tons 
Displacement, submerged 2,600 tons 


Dre 12 feet 
Speed, surfaced ........ 15 knots 
Speed, submerged ...... 9 knots 


Cruising radius, surfaced 7,000 miles 


Once again provision was to be made 
for conversion of part of the ballast 
system into fuel stowage in order to 


increase the cruising’ radius: Sub- 
merged, the mine layer was to cruise 
150 miles at five knots, and 300 miles 
at three knots. In addition to its cargo 
of mines, the boat was to carry two 
100-mm. guns, one 57-mm. anti-aircraft 
gun, and was to be fitted with but three 
torpedo tubes, two forward and one aft. 

All these plans, had they been ful- 
filled, would have found Russia with a 
completely new fleet of submarines ag- 
gregating more than 100,000 tons. At 
the outbreak of the Revolution, how- 
ever, Russia could muster but forty 
submarines, only eighteen of which 
could be considered useful for war pur- 
poses. These were the results of the 
building program initiated in 1912, and 
they arrived in the fleet between 1915 
and 1917, at a time when the conditions 
within Russia were such as to nullify 
whatever use they might have been had 
they been completed according to 
schedule. 


DEATH OF A FLEET 


The unrest within Russia was felt 
throughout the fleet, but the submarine 
arm campaigned until the end. In 1917 
the new submarines Bars, Lvitsa, and 
one unidentified boat disappeared. Bars 
was lost in the Baltic, as was Lvitsa. 
The English E-19, cruising in the same 
area, came upon a torpedo without a 
warhead. The serial number identified 
it as having belonged to Lvitsa. During 
recovery of the torpedo, E-19 was sub- 
jected to an attack by an enemy sub- 
marine and almost became a victim her- 
self. It was presumed that all three boats 
had been victims of this type of attack, 
particularly in view of the superior skill 
displayed by German submarine com- 
manders during the war. 


When, on March 21, 1918, the Ger- 
man fleet appeared off Gange and put 
a landing force ashore, the Russians had 
to destroy four of their boats. Orlan, 
Gagara, Kit, Kashalot, Narval, Krab, 


Skat, Nalim, and one unnamed sub- 
marine were taken out to sea and were 
blown up and sunk in deep water about 
two miles from the Konstantinovsky 
Battery in Sevastopol. Karp, Karas, 
Losos and Sudak were disposed of in 
a similar manner in the Severny Road- 
stead. After the fall of the Crimea, and 
after General Vrangel’s army had been 
liquidated, the remaining units of the 
Black Sea fleet were taken to Bizerte. 
Among the units were the submarines 
Burevestnik, Tulen and Utka. 


When the work of destruction and 
evacuation was over, the triumphant 
Bolsheviks were left with but three 
captured submarines, and a heritage of 
submarine construction dating back to 
1850. The submarines were of little 
value, but the heritage of construction 
work in submarines was to prove in- 
valuable once the new regime decided 
to undertake a program which, by the 
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beginning of the second World War, 
was to find Russia well in the van in 
this field. 

As one reads the accounts written by 
the men who participated in the planning 
and development of submarines in Rus- 
sia during the first seventeen years of 
this century, one is impressed with the 
fierce loyalty to a dream, the dream of 


superiority in that naval branch en- 
compassing the “silent service,” which 
always has, in whatever the country, 
served with pride and distinction the 
needs of the country. In spite of the 
dread in which submarine fleets are 
held, all are unanimous in their admira- 
tion for the men who sail in them and 
who have perished with them. 
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An extensive bibliography exists of 
the great variety of analogue computers 
for the solution of ordinary differential 
equations or algebraic equations. Many 
such computers are of such large initial 
cost, size, or relatively fixed location 
as to not make them conveniently avail- 
able to many systems designers. Also, 
many such computers are designed for 
the solution of special or fixed forms of 
differential or algebraic equations and 
often lack the degree of precision or 
reliability required for a practical de- 
sign solution largely because of inherent 
inaccuracies of the computing compo- 
nents employed. 


The REAC,? a flexible electronic, 
analyzer, has already proved its great 
usefulness in the design and study of 
systems which can be defined in terms 
of ordinary differential equations. The 
author and a former colleague have de- 
scribed ? the use of the REAC in mod- 
ern servo design problems. Twelve 
years ago the author also described * 
the design and operation of a flexible, 
electrical, analogue algebraic-equation 
solver for use in the design and study 
of linear systems in terms of their char- 
acteristic algebraic equations. 


It is the purpose of this paper to 
describe two new economical analogue 
computers to be used as desk-side tools 
in the design and analysis of servo- 
mechanisms, networks, amplifiers, and 
analogous systems. In a certain sense 
the two computers described herein are 
complementary in their use and with 
the use of a differential analyzer. 


The first computer presented herein 
is actually a modern version of the 
algebraic-equation solver earlier de- 
scribed. The second computer pre- 


sented in this paper is a mechanization 
of the “locus of roots” method of anal- 
ysis and design previously explained by 
W. R. Evans.* Each of these two new 
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2 See “‘V. Bibliography” at end of paper for all references. 
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computers uses two new computer com- 
ponents. One new component is a high- 
precision, universal-frequency a.c. in- 
duction resolver.>»® 7 The other new 
computer component is an a.c. induc- 
tion potentiometer.” 


Although the analysis and design 
problems of servomechanisms, networks, 
and amplifiers have motivated the two 
computers described herein, analogous 
problems arising from dynamically an- 
alogous physical systems will suggest 
themselves for solution by these means. 


It seems in order to begin from the 
beginning. Excellent references are 
available® 1° 11,12 for the proper un- 
derstanding of the mathematical and 
physical fundamentals of the systems 
involved. The behavior of linear sys- 
tems may be described entirely in terms 
of functions of the complex frequency 
variable, s, depicted in Figure 1. The 
complex frequency variable, s, is de- 
fined by 

jo = |s| (1) 
where » is the real frequency variable 
and o is the real part of the complex 
frequency variable. The “s-plane,” or 
the “complex frequency plane,” is de- 
picted in Figure 1. It is apparent that 
as a point moves along the positive 
imaginary axis of Figure 1 from the 
origin to infinity, the real frequency 
varies from zero to infinity. It is fur- 
ther apparent that a function of the 
form 

et = e% e°%[cos wt + j sin ot] 

(2) 
represents a “cisoidal oscillation” 1% 
with exponential envelope in_ time. 
Since » and @ are each defined as (posi- 
tive or negative) reals, o is in the 
nature of a “damping factor.” Hence, 
a point in the complex s-plane repre- 
sents a certain combination of damping 
(the real part of s) and real frequency 
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bm S™+ bm. s™ +-----+p, 


M(s)=22-()« 
Q@. 


Roots of D(s) have negative real parts for stability 


Ficure 1—Complex Froguere Plane and a Typical Ratio of Functions 
of a Complex Frequency 


of oscillation (the imaginary part of oidal oscillation of constant amplitude 
s). It is evident that negative values and frequency w. While positive values 
of o correspond to exponential enve- of w correspond to real frequencies, 
lopes which decrease as time increases, negative values of » represent the fre- 
while positive values of o denote in- quency domain mathematically sym- 
creasing amplitude of envelope with metrical thereto;- hence the complex 
time. If physical systems did not “satu- frequency variable, s, is defined over 
rate,” i.e, become non-linear, such an the entire s-plane by paired values of 
exponentially increasing with time be- o and o. 

havior would result in ultimate de- A wide variety of linear dynamical 
struction. A zero value of o and a_ systems may be described in terms of 
non-zero value of » represents a sinus- their behavior as a function of the 


A(s) = 7 (s) = 


: N(s) 
D(s)-N(s) 


Por lst Order Pole in A(o):a92bo 6 db/octave; phase - w /2 
For 2nd Order Pole in A(0):89=bo,8)2b) 12 db/octave; phase - ¢ 
Por 3rd Order Pole in A(o):8,%b,,8)=b),852b>.18 db/octave; phase - 39 /2 


etc. 


For lst Order Zero in A(CO):m=nel 6 db/octave; phase (- 9/2) 
Por 2nd Order Zero in A(@o):m=ne2 12 db/octave; phase - © 
Por 3rd Order Zero in A(Oo):m=ne3 18 db/octave; phase - 29/2 


etc. 
Frcure 2—Another Typical Ratio of Functions of the Complex Frequency 
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complex frequency variable, s. This 
may be the driving-point. impedance 
(admittance) function of a two-terminal 
network, driving-point and transfer im- 
pedance (admittance) functions of an 
n-terminal network, the open or closed 
“Joop-gain functions” of a servomech- 
anism or feedback amplifier, or of dy- 
namically analogous systems. The com- 
puters described herein are useful in 
solving certain problems of analysis and 
design of linear systems which are 
adequately described by rational alge- 
braic functions of the complex fre- 
quency variable s. For example, as 
depicted in Figure 1, in a certain trans- 
fer function, M(s), the ratio of the 
output to the input in the steady-state 
may be represented by a ratio of two 
rational algebraic functions of the com- 
plex frequency variable, s. Likewise in 
Figure 2, the so-called open-loop trans- 
fer function of the box labelled A in 
Figure 3 may be represented in the 
steady state by a ratio of two poly- 
nomials in the complex frequency 
variable, s. In each case it is evident 
that these functions or polynomials in 
the complex variable, s, are themselves 
complex functions. In Figure 4 a par- 
ticular form of -s is exhibited, namely, 
S = jw; this corresponds to the steady 
state behavior as a function of the real 
frequency ». The response of such 
linear physical systems, both in the 
steady state at real frequencies, and as 
a function of time, may be completely 
determined in terms of the distribution 
throughout the s-plane of the “zeros” 
in numerator and denominator poly- 
nominals such as depicted in Figures 
1 and 2. 


Gils) + Gis) 


A(s) 


Als). 


M(s)= 


Ais)» (s) 


Figure 3—System Diagram Corresponding 
to the Functions of Figures 1 and 2 


The two computers described in this 
paper are useful tools to predict per- 
formance of systems or components 
undergoing analysis or design before 
they physically exist and to facilitate 
intelligent decisions concerning design 
parameters in order to fulfill prescribed 
performance requirements. In a certain 
sense they also make it possible to de- 
sign a simplest system fulfilling pre- 
scribed performance requirements with- 
in certain tolerances. Naturally, the 
usual precautions concerning “lineari- 
zation” of the actual system to make 
it amenable of linear analysis, must be 
carefully observed. By extension, it is 
possible to introduce into the computer 
certain useful variations in the design 
parameters to determine limits of per- 
formance or limits of allowed variation 
in those parameters. 


6; (iw) | 


A(jw) 


Gli) 


Aljw)= (je) 


Ficure 4—The Loop-Gain Function 
of Real Frequency 
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With reference to functions involving 
the ratios of polynomials, such as de- 
picted in Figures 1 and 2, it is well 
known that in order for the physical 
systems corresponding thereto to be 
“stable” the zeros of the denominator 
polynomial (the roots of the equation 
obtained by equating the denominator 
polynomial to zero) must have nega- 
tive real parts. For example, if a cer- 
tain denominator polynomial equation 

D(s) =O (3) 
have as its roots, s, = a, + jf 
S, = a, + jf,, etc., the requirement 
for stability of the corresponding sys- 
tem is that all the a’s be negative. It 
is entirely possible to determine the 
negativeness of the real parts of the 
roots of the so-called determinantal 
equation, Equation (3), by application 
of the Routh-Hurwitz criterion to the 
coefficients in the equation without solv- 
ing explicitly for the roots. In many 
cases, however, the information needed 
for adequate analysis and design goes 
beyond that possible to obtain by appli- 
cation of the Routh-Hurwitz criterion 
involving merely the coefficients of 
D(s) =O. In particular the entire 
behavior of D(s), as a complex func- 
tion of the complex variable, s, is 
needed. Furthermore, the ratio 
N(s)/D(s) as a function of s is nec- 
essary and provides useful information 
in the design and analysis of physical 
dynamical systems, with and without 
feedback. 


Let P(s) denote any such polynomial 
in the complex frequency variable, s, 
and refer to Figure 5. Here, the co- 
efficients a,, ap-1, Ano» ag may 
be complex coefficients. In any case 
P(s) is itself a complex function of the 
complex variable and has a real part, 
R(s), and an imaginary part, I(s), 
each of them real functions of the com- 
plex variable s. It is desired, with a 
fixed set of coefficients, a,, ap, etc., 
to observe the behavior of P(s) on the 


complex P-plane as the complex vari- 


able s is appropriately varied in the 


complex s-plane. Figure 5 depicts such 
an algebraic equation solver or, more 
generally, polynomial plotter. This 
mechanization of equation 2 of Figure 
5 is made possible by the existence of 
the new high-precision, high signal-to- 
noise ratio a.c. induction resolver al- 
ready referenced.® ® 7 The symbol for 
such resolver is given at the bottom of 
Figure 5. In this application only one 
of the two stator windings, space- 
phased 90° geometrical with respect to 
one another, is excited. This excitation 
is depicted by the arrow external to 
the circle symbol in Figure 5. The two 
arrows proceeding outwards through 
the circle symbol from two _ internal 
dots denote the two separate rotor 
winding outputs of a single resolver. 
These rotor windings are space-phased 
on the rotor structure 90° geometric. 
If Y denote the mechanical rotation of 
the rotor of a resolver with respect 
to its stator in terms of a reference 
angle position, then one rotor winding 
will ideally develop an open-circuit 
voltage proportional to the stator volt- 
age excitation and varying as the sine 
of the angle of rotation Y; the other 
rotor winding will develop an open- 
circuit voltage proportional to the 
cosine of the angle of rotation Y. If 
the stator winding of the kth resolver 
is excited with an a.c. voltage of ap- 
propriate time frequency and of RMS 
value |a,| /vx |s|*, and if the rotor 
with respect to the stator is rotated 
through an angle ky then, ideally, the 
two rotor winding open-circuit voltage- 
outputs will be respectively 

= |ax| /yx |s|* cos k y 4 

erg = |ay| |s|* sink y 
It is seen that these two voltages are 
exactly the typical real and imaginary 
components in the term-by-term repre- 
sentation of the complex function P(s) 
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(4) VR&S) + 1218) 


= PCs) 


ker 


INDIVIDUAL _ RESOLVER 
OUTPUTS 


A’x|s|*cos xs 


lad Ko 


Figure 5—Schematic and Nomenclature for the Algebraic Equation 
Solver or Polynomial Plotter 


of the complex variable s, given by 
equation 2 of Figure 5. It is evident 
also that by connecting in series the 
corresponding “real component” rotor 
voltages of all the resolvers, then a 
voltage representative of the real part, 
R(s), of the complex function, P(s), 
will be obtained; similarly, by connect- 
ing in series all of the second rotor 
windings of the resolvers, a voltage 
representative of I(s), the imaginary 
part of P(s), will be obtained. 


In order to establish this complete 
electrical analogue of P(s) the electro- 
mechanical arrangement depicted in 
Figure 5 is used. The resolver to which 
is applied an excitation voltage pro- 
portional to a,, the constant term of 
?(s), has its rotor locked in position 
in space. This position establishes the 
zero reference angle for y, the phase 
angle of the complex variable s, defined 
in Equation (1). The resolver which 
is excited by a voltage proportional to 
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a,, has its rotor mechanically geared 
to each of the rotors of all the succeed- 
ing resolvers, through integral gear 
multipliers. For example, as the rotor 
of resolver 1 goes through the angle y, 
the rotor of resolver 2 goes through 
the angle 2y, the rotor of resolver 3 
goes through the angle 3y, and the 
rotor of the nth resolver goes through 
an angle ny. If any of the coefficients 
of the polynomial P(s) are complex 
then the stator of the corresponding 
resolver is rotated through an angle 
Y, corresponding to the phase angle of 
the complex coefficient, as given in the 
first line of Figure 5. An easier way 
to do this practically is to introduce me- 
chanical differentials in each of the 
mechanical drives to the rotor shafts 
such that the angles y, may be cranked 
in and locked, thereby making it pos- 
sible to leave the stators of the re- 
solvers, and hence the mountings of the 
resolvers, fixed in space. In general, 
however, if the coefficients of the pow- 
ers of s in the polynomial P(s) are real 
coefficients the amplitudes of the co- 
efficients a, are adjusted by settings on 
the coefficient potentiometers as depict- 
ed in Figure 5. 


The powers of |s| are developed by a 
cascade of isolation amplifiers and 
linear potentiometers, with the latter all 
driven from the same shaft whose ro- 
tation represents the variable |s|. Then, 
as the phase angle, y, of the complex 
variable, s, continuously rotates through 
increasing angle, |s| increases continu- 
ously at an appropriate rate from zero 
to unity per-unit value. In effect, the 
behavior of the complex function P(s) 
of the complex variable s is developed 
for all s values lying within the unit 
circle on the s-plane. It is evident that 
two applications of the polynomial P(s) 
to the machine are necessary and suf- 
ficient to determine the behavior of 
P(s) for all values of s in the s-plane, 
both within and outside the unit circle 
in the s-plane. The second application 
required merely involves inverting the 


order of the .coefficients in application 
to the equation solver or polynomial 
plotter; essentially this second applica- 
tion solves for reciprocal values of the 
roots and hence the second set of zeroes 
must be reciprocated in magnitude and 
the phase angles reversed in order to 
obtain the corresponding s-values. 


A zero of the polynomial P(s), that 
is, that value of s which makes P(s) 
zero, will be denoted by simultaneous 
occurrence of R(s) and I(s) both zero, 
within the noise and accuracy limits of 
the connected computer components. 
For this reason resolvers of maximum 
functional error not greater than 0.05 
of 1% and signal-to-noise ratio in terms 
of maximum excitation of not less than 
5000 are desirable. Furthermore, the 
coefficient potentiometers and the |s| 
potentiometers should preferably be of 
the continuous, non-granular, non-wire- 
wound type. Further, it is desirable 
that a suitable electrical time frequency 
of the system be employed. It should be 
one most consistent with resolver and 
potentiometer stability, least noise, and 
maximum excitation. The referenced 
resolver and potentiometer exhibit op- 
timum performance in the neighborhood 
of 400 cps carrier frequency. Further- 
more, these devices are most easily 
“compensated” in the neighborhood of 
this frequency, and this frequency is 
not sufficiently great to introduce cir- 
cuit capacity effects contributing to the 
noise level or instability of the system. 


The two components of P(s) may be 
depicted on a long persistence oscillo- 
scope screen or, through servomechan- 
isms, may drive a pen in a rectangular 
coordinate tracking system, thereby 
making it possible to obtain a perma- 
nent record of P(s) on the P-plane as 
s scans the s-plane. Alternatively, 
through the use of one additional re- 
solver and two servo drives, P(s) may 
be plotted in the P-plane in polar co- 
ordinates as depicted in Figure 6. — 


It is observed that Figures 1 and 2 
illustrate the fact that steady-state 
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transfer-functions involve the ratio of 
two polynomials each of the nature of 
P(s). By the use of the additional 
equipment shown in Figure 7 the con- 
tinuous quotient of the amplitudes of 
two such polynomials and the con- 
tinuous difference of the phase angles 
of two such polynomials may be ob- 
tained. It is, of course, evident that 
the operation of the dividing servo will 
be restricted to a certain value of the 
quotient but by the use of. changing 
scale factors the quotient may be ex- 
plored closer and closer to a zero of 
the denominator polynomial. In Figure 
7 the symbology for the potentiometers 
used to form the continuous difference 
in phase angles is a single circle with 
one internal dot and one external ar- 
row. The notation for the summing 
amplifier, the servo amplifiers, and the 
servo motors is considered obvious. 


It may be required that a transfer 
function approximate certain prescribed 
characteristics as a function of real fre- 
quency w.’* In this case, y, the phase 
angle of the complex variable s, is 
locked at 7/2, in each of the two com- 
puters of the type depicted in Figure 
5. |s| then is made to increase con- 
tinuously from zero along the real fre- 
quency axis on the s-plane. By com- 


In the preceding section it was point- 
ed out that two of the many uses of 
the electrical algebraic equation solver 
were to provide knowledge of the be- 
havior of the functions of a complex 
variable defining the physical system 
and, specifically, to elicit the roots of 
the determinantal equation of such a 
system. The roots of a determinantal 
equation of a physical system find di- 
rect use in the time-description of the 
behavior of the physical system under 
specified initial conditions. 


A very important kind of physical 
system is symbolically depicted in the 
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Ficure 6—Extension to the Polynomial 
Plotter for Polar Representation of the 
Polynomial 


parison of computed |Q| and ® with 
the prescribed |Q| and @ functions of 
s the numerator and denominator poly- 
nomials may be varied in form and 
degree and the coefficients thereof ad- 
justed to experimentally determine the 
simplest form of numerator and denomi- 
nator polynomials, and the coefficient 
settings thereof, to approximate the re- 
quired functions within specified tol- 
erances. 


Many other uses of the single and 
double polynominal plotter will be evi- 
dent to the analyst and designer in his 
particular field. 


block diagrams of Figure 8. Obviously 
both the systems there depicted are 
“feedback systems.” The upper diagram 
of Figure 8 discloses a simple feed- 
back system in which the signal fed 
back from the output to the input is on 
a one-to-one basis. In the lower dia- 
gram of Figure 8 the intelligence is 
fed back from the output to the input 
modified by the transfer function A, of 
the feedback path. 


It is apparent, of course, that either 
A in the upper diagram of Figure 8, 
or A, or A, in the lower diagram of 
Figure 8, may themselves contain in- 
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Ficure 7—Extensions to Two Polynomial Plotters for the Continuous Representation of 
- Their Ratio in Polar or Rectangular Coordinates + 


ternal feedback paths. For purposes of 
dissertation, it is assumed here that A, 
A,, and A, are themselves stable sys- 
tems. In the upper diagram of Figure 


8, A represents the so-calléd “loop-gain » 


function.” In the lower diagram of 
Figure 8 the product A,A, represents the 
so-called “loop-gain function.” The 
closed-loop system function, M(s), is a. 
complex function of the complex vari- 
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Ficure 8—Two Basic Types of Feedback 
Systems 


able s expressing the ratio of the 
steady-state output to the steady-state 
input of the closed-loop feedback sys- 
tem. In the simple feedback system of 
Figure 8, the determinantal equation is 
given by 

O (5) 
and, for the second system depicted in 
Figure 8, the determinantal equation is 
given by 

1+ A,A,=0O (6) 
Obviously the roots of each of these 
two equations are those values of s, the 
complex frequency variable, for which 
M(s) becomes infinite. In order for 
each system to be stable, the real parts 
of the roots of the determinantal equa- 
tion must be negative, that is, the roots 
of the determinantal equation must lie 
in the left-half s-plane. Described dif- 
ferently, the zeros of the determinantal 
equation are the poles of the system 
function, M. 
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Subject to definite restrictions as to 
physical realizability, the loop-gain 
functions of such physical feedback sys- 
tems are of the general form of 

A(s) = K Px(s) (7) 

Pp(s) 

where K is a positive real constant 
multiplier, establishing the so-called 
“loop-gain level” of the system, and 
where Py(s) and Pp(s) are rational 
algebraic functions of the complex fre- 
quency variable s. Obviously Pp(s) 
must have all its zeros lie in the left 
half s-plane if the loop-gain function 
itself corresponds to a stable system, 


with or without internal feedback. 


In general,14 servomechanisms are 
that specific type of feedback system in 
which s to the first, second, or third 
power is factorable out of the denomi- 
nator polynomial, viz., 

A(s) = K Py(s) 
In this case, A(s) is said to have “a 
first, second or third-order pole at the 
origin,” depending upon whether r 
equals 1, 2, or 3. In general, Py(s) 
and Pp(s) are characterized by the 
form 
Py(s) _ (1+ + (9) 
Py(s) (14+ T,s)(1+ Tys).. 
where the T’s are the so-called time 
constants of the system. They may be 
real or complex. If they are complex 
they occur in conjugate pairs. For 
example, T,,,,. would denote in this 
terminology the conjugate pair of time 
constants given by 
T= (10) 
It is evident that the T’s are of the 
nature of reciprocal s’s ; hence, 


Sy = = — + 
(11) 
1 : 
These two roots of a polynomial P(s) 
are evidently the conjugate complex 


pair whose o-coordinate in the s-plane 
is —a, and whose jw-coordinates in the 
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s-plane are respectively +jf8, and 
—jB,; or, more simply as depicted in 
Figure 9, wherein 

= — jo, (12) 
It is to be noted, with reference to 
Figure 9, that lines in the s-plane per- 
pendicular to the o axis define contours 
of constant “damping constant.” Fur- 
thermore, lines in the s-plane perpen- 
dicular to the jw-axis define contours 
of constant “undamped natural fre- 
quency.” The radius vector drawn from 
the origin of the s-plane to any point 
in the complex s-plane represents in 
amplitude the “damped natural fre- 
quency.” The cosine of the angle be- 
tween the real axis of the s-plane and 
the radius vector representing the 
damped natural frequency is the so- 
called “damping ratio.” The remainder 
of such useful relationships and defini- 
tions are as further defined in Figure 9. 


It is useful to recollect here that if 
a system possess a pair of conjugate 
complex roots in its determinantal equa- 
tion such as given by Equation (12) 
or the first line of Figure 9, it will 
exhibit in its time-behavior a _ time- 
component of the form 
f(t) = e%:' (cos w,t + j sin o,t) 
(13) 
This corresponds to an exponentially 
damped sinusoidal oscillation of angu- 
lar periodicity in time of ,, with a 
phase angle. As the locus of the roots 
Si,» S32 moves about in the complex 
s-plane the corresponding time behavior 
will vary from that of a pure expo- 
nential function of time (corresponding 
to w, = 0) to a pure sinusoidal oscilla- 
tion in time (corresponding to ¢, = 0). 
If, of course, the radius vector w,, 
extends into the first or fourth quad- 
tants of the complex s-plane the sys- 
tem corresponding thereto will exhibit 
the unstable characteristic of an expo- 
nentially igcreasing time function. 


In Figure 10 is depicted the variable 
s and its amplitude |s| and its phase 
angle, say, g,. In the lower of the two 
diagrams of Figure 10 there is graphi- 
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Ficure 9—Definitions and Properties of 
the Complex Frequency Variable 


cally symbolized the interrelationship 
between the complex variable s and its 
square s*. To graphically depict s? the 
length of the radius vector |s| is multi- 
plied by itself and is drawn from the 
origin of the s-plane with an angle 
29. with respect to the positive axis of 
reals ; similarly for s°, etc. 


With the foregoing nomenclature, 
definitions, and interpretations in mind, 
it is now possible to proceed to a con- 
sideration of “a locus-of-roots com- 
puter” of great use in the design of 
servomechanisms, feedback amplifiers, 
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Figure 10—Representation of the Complex 
Frequency Variable, and Its Powers, on 
the Complex Frequency Plane 


networks, 
systems. 


and analogous dynamical 


From the foregoing it is clear that 
the locations of the zeros of the deter- 
minantal equation corresponding to a 
physical system, once the functional 
form of the loop-gain function is de- 
scribed, become a function of the value 
of K, the loop-gain level. This coin- 
cides with physical knowledge and 
mathematical theory. For example, 
Figure 11 depicts qualitatively the A- 
function loci of a very elementary form 
of servomechanism whose _ loop-gain 
function is expressed as 

K 

In this case, a servomechanism is char- 
acterized by a single order pole at the 
origin and a pair of conjugate complex 
time constants T,, and T,,, of the form 
given by Equation (11). Application 
of the servomechanism practical sta- 
bility criterion enunciated by the author 


anda former colleague,?* it is evident 
that: only with a loop-gain level of 
K < 2 «, is this system stable, for. 
the’ reason that, with values of 
K > 2 «, the Nyquist point, —1 + j0, 
is seen to the right when standing on 
the A-locus on the A-plane facing in 
the direction of increasing real fre- 
quency. In other words, a loop-gain 
value of K = 2, is that value of K 
which makes the real parts of the roots 
of this system’s determinantal equation 
zero. 


It is of interest and use to know the 
manner in which the zeros oi the de- 
terminantal equations of such systems 
move about in the s-plane as Kj; the 
loop-gain level, is varied from zero to 
infinity. Among other things, knowl- 
edge of the locus of roots defines the 
values of gain level required for estab- 
lishing the stability of systems possess- 
ing only conditional stability. It might 
be anticipated that the trajectory or 
locus of such roots in the s-plane would 
take on paths such as those depicted in 
Figure 12, as the loop-gain level, K, is 
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Ficure 11—A Typical Application of the 
Nyquist Stability Criterion to Feedback 
Systems 
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varied from zere to infinity. From Fig- 
ures 9 and 12 it is also evident that 
the locus of roots will intersect suc- 
cessive vertical lines perpendicular to 
the axis of reals in the s-plane corre- 
sponding to successive values of damp- 
ing constant, o. Finally, such a locus 
of roots will intersect the various radial 
lines on the s-plane originating from 
the origin of the s-plane, each corre- 
sponding to a different damping ratio, 
&. It is very often desirable to design 
the system or adjust the gain level of 
a system to a specific level of K cor- 
responding to a specific damping con- 
stant, o, or damping ratio, £ In other 
words, if it is desired that a certain 
system yet to be designed exhibit a 
certain value of damping constant or 
of damping ratio, it is of great value 
in system design to be able to know that 
such a damping constant or damping 
ratio is actually available by appro- 
priate setting of K, the loop-gain level. 
It is also desired in many cases to 
know what change in the location of 
the critical frequencies (the complex 
zeros) of the system will make it pos- 
sible to establish a desired value of K. 
All of these and many other purposes 


CONSTANT =DAMPING COEF. 


Ficure 12—A Portion of a Typical 
Locus of Roots 


underlie the value of the locus-of-roots 
interpretation of the analysis and de- 
sign problem.* 

Returning now to Equation (14), 
and with reference to Figure 8, it is 
obvious that 


s(1 + Tys)(1 + Ty) =—1 = 1 / + 180° + 360° (15) 


K 


where n is integral, becomes the defin- 
ing equation for the locus of roots of 
the servomechanism or feedback sys- 
tem whose loop-gain function is defined 
in Equation (14). Obviously the three 
complex factors in the numerator of 
the left-hand side of Equation (15) 
each contribute a phase angle. In the 
nomenclature of Figure 13, the phase 
angle equality satisfied along the locus 
of roots is given by 
©, + &,, + &,, = + 180° + n360° 
(16) 
In other words, any time the three 
phase angles of the vectors drawn from 
the origin, from s,, and from s,,, to a 
typical point in the s-plane, add up to 
180°, that point (or value of s) lies 


Ficure 13—An Elementary Locus-of-Roots 
Computer 
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on the locus of roots of this physica 
system. 


Figure 13 depicts a very straight- 
forward and elementary mechanization 
of a computer for the solution of Equa- 
tion (16). As is true in all such prob- 
lems concerning the locus of roots the 
angle equation, such as given by Equa- 
tion (16), gives the locus of roots but 
does not give the corresponding values 
of loop-gain level, K. Once such locus 
is found, however, the paired values of 
o and » along this locus are established 
and it is relatively simple to compute 
the positive real values of K from the 
equation of the type given by Equation 
(17): 

K = —s(1 + T,,s)(1 + T,,s) 
(17) 


Figure 13 consists of three continuous 
one-speed potentiometers’»* whose 
angle of rotation of 360° produces a 
voltage proportional thereto and in 
which 0° represents zero output volt- 
age. One such potentiometer is fixed 
at a point corresponding to the origin 
of coordinates of the s-plane. The other 
two potentiometers are located to an 
appropriate scale at the points repre- 
senting S,,, Each potentiometer is 
excited at its input from the same a.c. 
voltage source and the rotor position 
corresponding to zero output is made 
identical for all three potentiometers. 
The outputs of all three potentiometers 
are summed in a summing amplifier. 
The output of the summing amplifier is 
connected in series opposition through 
a null indicator to a fixed reference 
voltage source whose voltage corre- 
sponds to 180° of rotation of each of 
the three potentiometers. Rigidly at- 
tached to each shaft of the induction 
potentiometers is an appropriate slotted 
bar. A perpendicular pin-slide passes 
through all three slots of said bars. 
Then, as this pin is caused to move 
throughout the s-plane there will be 
values of s at which the null indicator 
will read zero. Such values of s satisfy 
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Equation (16). Figure 14 illustrates 
the locus of roots which the elementary 
computer of Figure 13 mzy draw, cor- 
responding to Equations (15) and 
(16), in which the coordinates of §,,, 
Sj. are as given. 


In further utilizing this simple ex- 
ample, it is evident that large values 
of s will correspond to all three angles 
Yor $i» $12 APproaching equality. From 
Equation (15) this gives as the asymp- 
totic behavior of the locus of roots for 
increasing large s, the two lines, + 60°. 
In the limit, the corresponding gain 
level K is also infinity. Further exami- 
nation of Equation (15) shows that 
s=0,s = —1/T,,,s = —1/T,,, 
each correspond to a point on the locus 
of roots for which K is zero. In other 
words, as the loop-gain level, K, in- 
creases continuously through positive 
real values from zero to infinity the 
locus of roots is qualitatively that de- 
picted in Figure 14. 
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Ficure 14—A Complete Locus-of-Roots 
for an Elementary Servomechanism 
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Many interesting conclusions may be 
drawn from Figure 14.'. First, the 
feedback system corresponding thereto 
is a conditionally stable system, that is, 
as the loop-gain level K is increased 
there is some value of K for which the 
system will become unstable; this oc- 
curs when the locus of roots crosses 
the imaginary axis in the s-plane in 
going from the left half-plane to the 


' right half-plane. This is exactly what 


was deduced from the customary Ny- 
quist stability criterion considerations 
of Figure 11. Second, with this system, 
damping ratios whose loci lie between 
the negative real axis and the radius 
vector drawn from the origin to s,, 
and s,, are not attainable, regardless 
of the value of the loop-gain level value, 
K. Third, the loop-gain level if set to 
a value, Ke, will cause this system to 
exhibit a corresponding damping ratio, 
é, where é is defined as in Figure 9. 
Fourth, a loop-gain level of K = 2a, 
will make the corresponding feedback 
system a stable oscillator generating a 
frequency of » = VY a,? + B,?. Fifth, 
it is clearly evident that the locus of 
roots exhibits the properties of com- 
plete symmetry about the real axis of 
the s-plane. Sixth, the right half-plane 
is not of primary interest since it cor- 
responds tv a region of wholly unstable 
behavior. Seventh, it is therefore con- 
cluded that a locus-of-roots computer 
need plot only that portion of the locus 
of roots contained in the upper left-half 
complex s-plane, the second quadrant. 


Therefore, with respect to the very 
elementary computer depicted in Figure 
13 it is only necessary that successive 
fixed increments in the w-coordinate of 
the pin-slide be made, the real coordi- 
nate o being traced in each case from 
some convenient negative value to zero. 
In this manner of rectangular scanning 
of the second quadrant the important 
portion of the corresponding locus of 
roots may be marked out by a printer 
actuated each time the null indicator 
reads zero. Mechanical interference 


around the potentiometers situated at 
S,, and s, is of trivial consequence for 
the reason that the locus there is well 
known from visual inspection of Equa- 
tion (15). 


It is obvious that the mechanization 
of a locus-of-roots computer of the type 
depicted in Figure 13 would lead to 
some interesting interference problems 
for more complicated systems. It is 
equally evident that such a_potenti- 
ometer locus-of-roots computer could, 
on paper, accommodate the handling of 
factors in the denominator of such ex- 
pressions as the left-hand side of Equa- 
tion (15). Complex frequency factors 
in the denominator in expressions such 
as Equation (15) would require that 
the output voltage of each correspond- 
ing potentiometer be reversed in phase 
in order that the necessary angle sub- 
traction may be accomplished electri- 
cally in fulfilling an equation corre- 
sponding to Equation (16). It should 
not be mistakenly assumed that typical 
loci are generally of the “single branch 
variety” depicted in Figure 14. Sys- 
tems of typical complexity consisting of 
a number of pairs of conjugate com- 
plex zeros and poles and a number of 
zeros and poles on the negative real 
axis give rise to a number of branches 
comprising the total locus-of-roots of 
such systems. One such branch will in 
general control the gain level, K, re- 
quired to achieve a desired system 
damping-ratio or damping coefficient or 
some other desired attribute. 


For the presentation of some new 
conceptions leading to more useful em- 
bodiments of locus-of-roots computers, 
Figure 15 is employed. It again depicts 
the angle situation, Equation (16), 
pertinent to Equations (14) and (15). 
It is evident from this figure that the 
upper left half of the s-plane may be 
scanned for the locus of roots either 
horizontally, vertically, or angularly. 
In each of the two former cases suc- 
cessive, fixed increments of one of the 
two rectangular coordinates of s are 
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VERTICAL 
SCAN 


4 


HORIZONTAL 
SCAN 


S PLANE 


Ficure 15—Vertical, Horizontal, and Angular Scan of Complex Frequency Plane 


assumed, the other coordinate of s each 
time varying through a convenient 
range of values from zero to some nega- 
tive maximum and return. In the third 
method of scan, angular scan, as |s| 
gradually increases from zero to some 
maximum value, the angle g, is rela- 
tively rapidly caused to rotate through 
the range from zero to 90°, and return, 
continuously. The variation in |s| may 
be effected either on a step-wise basis 
such as shown in the upper diagram in 
Figure 16 or on a continuous, increas- 
ing spiral basis, as depicted in the lower 
diagram on Figure 16. 


In terms of the two variables X and 
Y appropriate to the horizontal and 
vertical scans depicted in Figure 15, 
Figure 17 illustrates the topological 
situation corresponding to the zero dis- 
tribution of Figure 15 and Equation 
(15). Here, in terms of right triangles 


whose - hypotenuses are, respectively, 
co-linear in space with one side of at 
least one other right triangle, the entire 
locus-of-roots computer problem is re- 
stated in a highly useful form. With 
a and B fixed, X and Y are varied in 
some convenient fashion (for example, 
in horizontal or vertical scan). Values 
of X and Y, as defined in Figure 15, 
which correspond to points on the 
locus of roots of the system specified by 
Equations (14), (15), and (16), will 
be indicated by satisfaction of the 


equality 

pir + = Ga (18) 
Thereby the entire locus-of-roots in the 
upper left-half of the s-plane may be 
determined. 

It is of considerable significance that 
changes in a and 8 may easily be intro- 
duced in order to determine how the 
coordinates X, Y, of any specific point 
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STEP-WISE SCAN OF S. 
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SPIRAL SCAN OF S. 


Ficure 16—Step-Wise and Spiral Scan of 
a Quadrant of Complex Frequency 
ane 


on the locus of roots are perturbed by 


variation in @ and £. Such perturba- 
tions in @ and £ resulting in corre- 
sponding perturbations in-X, Y on the 
locus of roots are of ‘very: great: im- 
portance because they “correspond to 
“variations in physical time constants” 
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_ FIGure Situation Corre- 


sponding to a Simple Servo-mechanism 
Function 


of the system. These variations in time 
constants, in turn, may be associated 
directly with changed physical parame- 
ter values, such as resistors and capaci- 
tors. It is possible to establish manu- 
facturing and environmental tolerances 
on such element values in terms of 
allowable deviations in the_locus of 
roots and, hence, of the performance of 


“the system in which they are incor- 


porated. 


In Figure 18 appears a complete, 
practical computer mechanization for 
the determination of the locus of roots 
of the simple system whose loop-gain 
function is described by Equation (14). 
The technique of its extension to cover 
more complex loop-gain functions, in- 
volving more factors in the denominator 
and factors in the numerator of the 
ratio of polynomials describing the 
loop-gain function, are straightforward 
and are limited in extent only by the 
accuracy and signal-to-noise ratios of 
the components of the system. 


The computer depicted in Figure 18 
employs electromagnetic a.c. induction 
resolvers and potentiometers (denoted 
by R and P respectively), servo motors, 
gear trains (not specifically shown), 
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servo amplifiers (denoted by the symbol | 
S), summing amplifiers (denoted by 
the symbol 3), booster amplifiers (de- 
noted by the symbol B), inverting am- 
plifiers (denoted by the symbol I), and, 
finally, critical frequency settings, typi- 
cally represented by the boxes labelled 
a and 8. These latter may be obtained 


from voltage sources through potenti- 
ometers of appropriate scale factor. By 
their adjustment @ and 8 may be moved 
to new convenient locations to deter- 
mine the corresponding modifications 
of the locus of roots obtained. 

In operation of the computer depicted 
in Figure 18, X is assigned some con- 
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Ficure 18—Complete Mechanization of a Locus-of-Roots Computer 
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Utilizing Horizontal and Vertical Scanning 


Ficure 18—Complete Mechanization of a Locus-of-Roots Computer 
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venient fixed value. Y is then varied 
continuously from zero to a convenient 
large positive value. X is then increased 
incrementally to some new fixed value 
and Y is caused to return to zero. X is 
incrementally increased the third time 


to a third fixed value and Y again is 
varied from zero to some convenient 
positive value. This scanning of the 
upper left half s-plane is continued until 
the entire locus-of-roots in that quad- 
rant is obtained or until such part of 
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it as is necessary for the design is ob- 
tained. Obviously the scanning could 
proceed with Y being given fixed incre- 
ments and X each time running through 
a range of values from zero to some 
convenient negative value. While each 
such horizontal (or vertical) line is 
being traversed, the angles, g,, y,,, and 
?i2 are being generated by their re- 
spective resolver-nulling servo combi- 
nations. A point on the locus of roots 
(the coordinates X, Y or o, w) will be 
denoted each time the null indicator 
reads zero or some threshold value. At 
such null points, Equation (18) is sat- 
isfied. This null indication may be 
used either to print in numbers the 
corresponding paired coordinates X, Y 
(or the identical pair ¢, w). Of course, 
the input X, Y voltages may themselves 
be used to actuate X, Y servo drives 
on a rectangular coordinate plotting 
board. The null indicator may be used 
to actuate a dot-printer moving in cor- 
respondence thereto over the plotting 
board to print a dot each time through- 
out the scan that Equation (18) is 
satisfied. The induction potentiometers 
P are each used in the same manner 
as were the induction potentiometers 
appearing in Figure 13. 

Figure 19 illustrates a locus-of-roots 
computer, using all of the same elements 
as employed in the computer depicted 
in Figure 18, for performing angular 
scan of the upper left half-plane to 
elicit the locus-of-roots of the system 
described by Equation (14). In this 
case, however, through a Geneva mech- 
anism or other appropriate reversing 
control, the angle g, is caused to con- 
tinuously vary between the limits of 


zero and 7/2 radians as a voltage pro- 
portional to |s| is either step-wise or 
continuously increased at the input to 
the booster amplifier, Bs. Satisfaction 
of Equation (18) is indicated in the 
same manner as employed in the com- 
puter shown in Figure 18 through the 
null indicator. Either a rectangular or 
polar coordinate plotting table may be 
used to print and record the points 
along the locus of roots satisfying 
Equation 18. This may be done by a 
pair of servo drives actuated by the 
developed voltages corresponding to 
either the pair |s|, g, or the pair X, Y. 


The fundamental limitation of any of 
the computers depicted herein, apart 
from the inherent precision and high 
signal-to-noise ratio required, is that 
due to the generation of motional volt- 
ages in such rotating a.c. computing 
devices as the resolvers and the po- 
tentiometers. The choice of a suitable 
carrier frequency, such as 400 cps or 
greater, will enable relatively rapid ro- 
tation of these components to be en- 
joyed without damaging seriously the 
computing accuracy. On a single-speed, 
single-phase basis the percentage error 
introduced by motionally «generated 
voltages is of maximum value 


% E,, = 100 = (19) 
e 


Hence if the allowed maximum percent 
error due to such motionally generated 
voltages is 0.05 of 1%, and if the elec- 
trical carrier frequency is 400 cps, the 
resolvers may be rotated at a speed of 
12 rpm without exceeding this maxi- 
mum, 


IV. CONCLUSION AND ACKNOWLEDGMENT 


Each of the two computers described 
herein may be built with a sufficient 
degree of complexity to solve most 
everyday design and analysis. problems 
which ¢an be handled by polynomial 
plotters’ and locus of roots solvers. 


These two computers may be individ- 
ually fabricated at a cost not beyond 
the realm of possibility for the medium- 
and small-sized company or institution. 
They may be built from readily avail- 
able components having long life, high 
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precision, and relatively simple mainte- 
nance. Such computers may be easily 
fitted into a volume and weight require- 
ment making desk-side, portable use 
feasible. They make possible the rapid 
analysis of the effects of various design 
parameters and changes therein, in or- 
der that the less expensive pre-design 
may come closer to the ultimate physi- 


pensive “gadgeteering” makes possible, 
for the same expenditure of money in 
time, labor and manufacturing. 

I am very much indebted to my as- 
sistant, Mr. Leon Steinman, for sev- 
eral helpful discussions with him; to 
Mr. B. R. Wheeler for the preparation 
of some of the Figures; and to Miss 
Helen Jane Gilbert for the preparation 


cal system than the generally more ex- and proofreading of this article. 
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PLASTIC BOAT PROGRAMS 
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It is assumed that the reader has a 
speaking acquaintance with glass rein- 
forced laminated plastics and has prob- 
ably read my articles appearing in the 
February and November 1948 issues of 
the JouRNAL OF THE AMERICAN So- 
CIETY OF NAVAL ENGINEERS as well as 
the comments on the first article ap- 
pearing in the May 1949 issue. 


Mass production of plastic boats is 
now needed to settle many of the issues 
which presently face plastic boat de- 
signers. It is true that in private indus- 
try plastic boats are being made in 
larger quantities than they were previ- 
ously. These boats are reasonable in 
cost and are generally in the 9 to 18’ 
length class; although 22-foot cruisers 
are now being produced commercially 
by one firm, and another recently suc- 
cessfully completed a 42-foot sailing 
ketch, which is the largest laminated 
plastic hull yet produced. Many of the 
plastic boats are made with simple 
styling, but probably the greater number 
are made to the runabout design. The 


plastic material lends itself well to this 
attractive, yet complicated design, be- 
cause the hull up to a raking sheer line 
is made in one set of molds, and the 
decking with the upper part of the hull 
is made in another set; the two parts 
are joined together with mechanical 
fastenings covered by a metal strip or 
an attractive fender, which gives the 
completed job an elegant touch. These 
boats have as their selling points— 
durability, a permanent coloring which 
does not fade, water-tightness, func- 
tional beauty with strength, and rot and 
worm proofness. 

Perhaps even more important, par- 
ticularly in time of emergency, is the 
ready availability of the materials used 
to construct them; specifically, polyester 
resins, which are compounded mainly 
from by-products of coal and petroleum ; 
and woven or matted glass filaments. 
Production facilities for both these com- 
modities are now being expanded to 
provide for greatly increased military 
requirements. A further important con- 
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sideration is the fact that highly-skilled 
shipbuilding labor is not necessary for 
the construction of plastic boats; and 
the total number of man hours is about 
one-fourth that required for the pro- 
duction of similar boats of conventional 
materials. 


Because of the low specific gravity 
and the good physical properties of the 
laminated plastic material, it is easy to 
make a hull which is lighter than com- 
parable wood or aluminum hulls yet 
with sufficient thickness readily to with- 
stand local impact loads caused by col- 
lisions with other boats, piers and piling. 
The latter feature, of providing suffi- 
cient thickness to withstand impact 
loads, has made the plastic boat a better 
seller than the thin metal boats, which 
are usually made of aluminum. The 
plastic craft are made by the several 
methods described in previous articles. 
The materials used provide more than 
enough strength for boats of these sizes. 


At best, however, because of the com- 
petition in this field, the number of 
plastic boats built by any manufacturer 
to date has been rather limited. 

The small craft just referred to are 
basically simple in design. Designs vary 
widely with the several manufacturers, 
but in general the hulls are made to a 
single thickness throughout, with longi- 
tudinal reinforcement provided by the 
shaped keels, or aluminum or plastic 
pre-forms inserted in the laminates and, 
further, in the shape of the gunwale, or 
at the deck juncture which is provided 
in runabouts. Transverse stiffening is 
given by the thwarts and their plastic 
or mechanical connection to the hull 
proper. As indicated previously, these 
boats have strength to spare and com- 
pete with both wood and aluminum 
boats of the same size excellently be- 
cause of less weight. Problems of de- 
sign in these boats are minor and with 
weight to spare, adequate additional 
local strength has been provided by the 
manufacturer wherever experience dic- 
tates its necessity. 


The big problem facing the designer 
and producer is when boats of greater 
length and particularly those with built- 
in propulsion machinery of high power 
are considered. Longitudinal framing 
to take the loads imposed by the pro- 
pulsion machinery and some transverse 
framing are required. Commercial pleas- 
ure cruisers up to 24’ in length have 
been built, incorporating the strength in 
longitudinal members and in the trans- 
verse bulkheads. Such cabin cruisers 
are elegant in appointment but yet quite 
simple in basic design. It must be re- 
membered that as boats increase in 
length, at a certain length, metal boats 
can be built with equivalent strength 
from all aspects to that of wood. This 
length, of course, varies with the design 
or rather, with the service for which 
the boat is intended. For boats in the 
tug class, this length is in the neighbor- 
hood of 55’. With plastic boats the 
weight-wise superiority over wood in- 
creases with length. However, as the 
length of plastic boats increases from 
50 to 100 feet, their superiority weight- 
wise over aluminum and steel has a 
narrow margin. This means that the 
simple design (and sometimes lack of 
design) characteristic in boats under 
20’ in length must give way to a more 
involved and detailed design. 


The method of design of larger plas- 
tic boats up to the present has been 
quite simple. In many instances it has 
been accomplished by providing the boat 
with a skin weighing about 10% less 
than the wood or aluminum skin, and 
with scantlings of the same section 
modulous as that found in the competi- 
tive prototype wood or aluminum. A 
savings of more than 10% is usually 
obtained in the scantlings. Thus, in the 
larger plastic boats, a savings of over 
10% in weight has been achieved. The 
resultant construction from this design 
method has proven itself in service. 
Until more basic design data are ob- 
tained, this method of designing a wooden 
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or aluminum boat and then converting 


it to plastic design must remain. 


A mass production program would 
entail the development of positive con- 
trols to avoid to a large degree the 
weaknesses now existing in the several 
methods of building plastic boats. Most 
of the problems are attendant upon the 
molds in which the boats are made. If 
the manufacturer has a mass production 
program, he can afford to make a 
greater outlay of funds for improved 
molds. Assurance of uniformity of 
structure through complete impregna- 
tion of the resin could also be solved 
by techniques which could be developed 
in a mass production program. In a 
mass production program of boats under 
20 feet in length where strength re- 
quirement is limited, it is considered 
that any of the present well known 
methods of fabrication may be able to 
develop such quality controls in produc- 
tion that a boat of satisfactory quality 
could be produced. The methods in- 
volved are (1) the wet lay-up of lami- 
nates in a female mold and the applica- 
tion of pressure to these laminates by a 
vacuum or pressure blanket and (2) the 
“Marco Method” in which matching 
molds are used with dry lay-up of glass 
reinforcement followed by injection of 
resin after closure of the molds. For 
boats of 20-foot length and greater, it 
is considered that the matching mold 
method is the only sound and economical 
process. This method is based on a 
patent owned by Marco Chemicals Inc., 
Linden, New Jersey, which covers im- 
pregnation of the reinforcing materials 
by introduction of the resin into the 
mold cavity through use of a differential 
in the pressure between the molds and 
the resin to be introduced. This method 
was developed during the early part of 
World War II but its effective applica- 
tion to large molded laminates presented 
many unique problems. These were suc- 
cessfully solved through concentrated 
development performed under the direc- 
tion of the Bureau of Ships, who recog- 


nized that such a process could largely 
overcome all the major disadvantages 
encountered in the earlier wet lay-up 
procedure such as resin drainage, en- 
trapped air pockets, localized resin 
pools, varying hull thickness, and non- 
uniform resign impregnation (which 
results in non-uniform strength), slow, 
messy handling of the resin, excessive 
finishing, etc. To illustrate the efficiency 
of this process, arctic sleds are now 
being produced for the Quartermaster 
Corps, using multiple molds, at the rate 
of one sled every 2%4 minutes. Since no 
orders calling for mass production of 
boats have as yet been issued, similar 
speeds have not yet been attempted. 
It is felt, however, that comparatively 
rapid mass production of boats is now 
possible by this process. 


The Marco Method as used for the 
production of boats involves two match- 
ing molds, the distance between the 
molds being the thickness of the hull 
of the boat. Moreover, this process 
permits the successful incorporation of 
the hull framing directly into the cast- 
ing of the hull. Such a procedure in- 
volves usually a male mold with many 
recesses, representing the framing of 
the boat. This makes the molds more 
costly, but eliminates the necessity of 
installing reinforcing members as a 
separate step. A variation has been 
provided in the construction of Navy 
26-foot boats by making the hull thick- 
ness the same throughout and adding 
reinforcement by means of laminated 
pre-forms. Another variation of this 
method is to provide simple male and 
female molds to provide for smooth 
exterior and interior skins and a honey- 
comb plastic structure between. with the 
voids filled with a low density core 
material. Such a procedure requires a 
mass production program to evolve a 
system of quickly and efficiently fabri- 
cating suitable blocks of core material. 
A still further variation.of this method 
is in the design of boats 50’ in length 
and greater, with their complicated 
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structure, decking, housing and many 
components, where the hull proper is 
made to a single thickness in two match- 
ing molds, the decking, bulkheads and 
houses in similar sets of matching 
molds, and the frames likewise in molds. 
These components are then joined to- 
gether by epoxy or polyester resins and 
mechanical fastenings. 


Laboratory tests have indicated that 
the laminates with optimum physical 
characteristics are obtained when the 
glass content is 55% and the resin con- 
tent 45%. However, in actual building 
practice, the best results are obtained 
when the glass content is about 35-40% 
and the resin content 60-65%. It has 
been found that wood inserted between 
laminates is unsuitable because of the 
dimensional instability of wood and that 
aluminum is not appreciably better be- 
cause of poor bonding to the plastic. 
Laminated plastic pre-forms are prefer- 
able as inserts for fastening, stiffening 
or framing purposes. The use of tailor- 
made resins has become more wide- 
spread. The former high temperature 
reached in thick laminates during the 
exothermic reaction have been greatly 
reduced through the use of a new room 
temperature-curing resin, where the 
temperature during polymerization in 
thick blocks is less than 140° F. This 
has been a great help in many direc- 
tions, particularly in permitting the use 
of certain low density core materials 
which otherwise would deteriorate un- 
der high temperatures. Wood molds, 
even if plastic covered, are now being 
discarded except for limited production 
runs. This again is due to the dimen- 
sional instability of wood. Male and 
female molds alike can be made of steel 
but probably the best molds of the im- 
mediate future will be those of lami- 
nated plastic reinforced with glass for 
the matching mold process, with suitable 
reinforcement added later for handling 
purposes. Molds have been, and prob- 
ably will continue to be, sectionalized 
for large boats, and the number of in- 


jection troughs or pipes has increased 
from the simple trough around the base 
of the matching molds to as high as 
eight. Likewise, the number of suction 
lines for resin take-up has increased 
actually in the production of larger 
boats from one to three and in one 
instance, six in number. 

In spite of the many advantages of 
laminated glass plastic construction, 
providing a monolithic structure of 
beauty, strength and durability, it is of 
necessity tied to the building of boats 
in quantity, because the savings which 
accrue through savings in man-hours 
in construction are offset by (1) the 
greater cost of materials per pound and 
(2) the cost of the molds. The first item 
is continuing, the same weight of ma- 
terials enter each boat regardless of 
the quantity built, but the second can 
be amortized in a large building pro- 
gram. In a similar manner, production 
processes can be amortized in a large 
construction program. ¥ 

Plastic runabouts are now being built 
commercially in simple matching molds. 
One, 14’ long, 56” beam, with built-in 
flotation material and provision for an 
outboard motor up to 25 hp., weighs 
only 220 pounds; 100 pounds less than 
the previous design which was built 
with but one mold. The Navy 26’ boats, 
previously mentioned, are being built in 
simple matching molds of plastic. The 
Navy 36’ design has been produced in 
matching molds of steel. These boats 
have laminated glass plastic double 
hulls, 8” to 24” apart depending on the 
shape of the hull, the two hulls con- 
nected by laminated glass plastic webs, 
providing thereby a honeycombed struc- 
ture, which contains a low density flota- 
tion material. To illustrate the thought- 
ful engineering of the design an outline 
description of the molds and process is 
given. 

A. Male Mold (Inverted) 

1. Construction of. 

(a) 4 sections. (b) Seals at 
joints. (c) %” steel skin with 
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34%” x 34%” x 3%” steel bound- 
ing angles and %e6” flanged 
steel plates for framing, gen- 
erally on 20” centers. 

2. Use during process. 
(a) Used as one unit, although 
provision made for removal of 
each section. 
(b) Provision made for hy- 
draulic pressure to lift finished 
hull from mold. 


B. Female Mold. 


1. Construction of. 
(a) 13 sections. (b) Seals at 
joints. (c) Ye” or less sheet 
steel reinforced with strongback 
longitudinally. 

2. Use during process. 

(a) Each unit set in place and 
removed separately. 


C. Preparation. 
1. Molds thoroughly cleaned with 
acetone. 
2. Molds polished with two coats 
heavy duty floor wax. 


3. Liquid release or parting agent 
sprayed over the wax. 


D. Lay-up (on inverted male mold) 
1. Overlay of pigmented resin (MR- 


28C) sprayed on male mold. 


2. One (1) layer of No. 1000 glass 
cloth. 


3. Three (3) layers of polyester 
. bonded glass mat—1% ounces 
per square foot. 


. One (1) layer of No. 1000 glass 
cloth. 


. Metal inserts, such as life jacket 
recess boxes. 


. Low density core or flotation ma- 
terial blocks. 
(a) With presently available 
flotation material, great care 
must be exercised in wrapping 
the blocks and then coating 
them so that the resin under 


heat of the exothermic reaction 
will not penetrate the blocks 
(Flotation materials under. de- 
velopment will probably permit 
simplification of this part of the 
process). 

7. Webs. 

(a) Webs are formed between 
the blocks through use of two 
(2) layers of glass mat, the 
laminates extending around the 
edges of the blocks to form 
T-joints with the inner and 
outer hulls or skins. 

8. One (1) layer of No. 1000 glass 
cloth, first of outer skin. 

9. Three (3) layers of polyester 
bonded glass mat—14 ounces 
per square foot. 

10. One (1) layer of No. 1000 glass 
cloth. 

11. Partial layer of No. 1000 glass 
cloth in scuffing areas. 

12. Overlay of pigmented _ resin 

(MR-28C) sprayed on female 
‘mold. 


E. Covering of lay-up with female mold. 


F. Injection of resin. 
1. Vacuum method. 


2. Injection modified MR-28V via 
channels progressively, to inside 
and outside of skins, from bot- 
tom upwards. 

3. Control of injection channels by 
separate vacuum control system. 

4. Control of exothermic temperature 
by new room temperature cur- 
ing resin. 


G. Removal. of female mold. 
1. By sections. 


H. Removal of boat from mold after 
cure. 


1. By hydraulic pressure from under 
side when necessary. (Tendency 
to shrink in 36’ length during 
heat of exotherm is 3%” and 
would be 34” 24 hours later.) 
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I. Finished Hull. 
1. Total weight—6611 pounds. 

(a) 3200 pounds of polyester 
resin. 
(b) 2271 pounds of laminated 
glass. 
(c) 1140 pounds of inserts, fuel 
tanks, etc. 


From the foregoing it becomes ap- 
parent that laminated plastic boats have 


now proven their usefulness beyond 
question, that they can be produced far 
more rapidly than comparable boats of 
wood or steel and that their mainte- 
nance is substantially less costly. While 
extremely rapid mass production of 
these boats has not yet been attempted, 
there is little question that it can and, 
it is to be hoped, will be done in the 
near future. 
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Rear Apmirat C. W. Dyson, U.S.N., 


who was the last member of the Engineer Corps, still specializing in engineering 
duty, to remain on the active list. 
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LOGISTICS 


LOGISTICS AS SEEN BY A 
RESERVE OFFICER 


CAPTAIN CARL J. LAMB, USNR 


THe AUTHOR 


who spent three years at the Naval Academy and was commissioned in the Naval 
Reserve in June, 1917, has contributed four previous articles to the JouRNAL. 

addition to a long period of time in the central station and marine departments of 
the Westinghouse Electric Corporation, he has spent many years at sea in the 
Navy and Merchant Marine, and holds unlimited Marine Chief Engineers rat 
steam and motor, in addition to professional Engineer licenses for the states o 
Connecticut and Indiana. At the present time Captain Lamp is again on active 
duty as Supervisory Inspector, of Naval Material at Houston, Texas. 


Until the magnitude of the logistics 


problems involved became glaringly 
apparent during World War II, very 
few people in or out of our military 
services had a true concept of their 
vital importance. As the war progressed 
our planners soon realized that its suc- 
cessful outcome would be determined 
by our ability to provide the necessary 
logistic support, which, alone, could 
assure victory to our forces. : 


It is not the intent of this paper to 
discuss logistics or their planning, as 
developed during and since World War 
II, but to discuss certain phases of the 
subject as observed by a Reserve Offi- 
cer in civil life. Not being an expert 
on the subject, the writer’s only desire 
is to call attention to certain data and 
observations, mainly on lower levels, 
with the hope that they may cause 
thought and discussion, 

Since returning .to civil life in, 1945, 
and based upon lessons learned from 
Admiral (then Vice-Admiral) Robert 
B. Carney, the writer has noticed and 
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examined with an enlightened appre- 
ciation, various aspects of our national 
industrial life, many of which may pos- 
sibly have a very direct bearing upon 
logistic support to our military forces 
in case of war. While the responsibility 
may. rest with the National Security 
Resources Board, it is possible that 
some of the items observed may not 
have been observed by that Board or 
the interested military Logistics plan- 
ners. 

In the consideration of an all-out war 
with any potential enemy, such as Rus- 
sia and its satellites, it is evident that, 
for the first time in history, “Total 
War” as such must really be waged. 
We are no longer a “have” nation, but 
depend upon world encircling lines of 
communication to provide an impres- 
sive amount of the minerals and vital 
raw materials which we must have if 
we are to be in a position to win such 
a war, The extent to which we can 
furnish logistic support will determine 
the strategy and tactics’ which we cah 
employ. 


- 
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The ocean transport of such raw ma- 
terials requires ships, men and exten- 
sive Naval-Air protection. When we 
remember that our enemies will far 
outnumber us with respect to man- 
power, it becomes mandatory for us to. 
reduce to the barest possible minimum 
our ocean transport along external lines 
of communication, in order to channel 
the steel, fuel oil, food and men re- 
quired for such extensive movement, 
from non-combatant efforts. 


It would be redundant to try to list 
here those basic minerals and raw ma- 
terials which we must import in peace- 
time, and without which we cannot 
wage successful war to preserve this 
country. Congress, recognizing the sit- 
uation, has provided for the stockpiling 
of some of these essential sinews of 
war. It is almost impossible for anyone 
to predict, however, what amounts of 
which materials will be required, over 
unknown periods of time. We do know 
that many materials will be critical, and 
that lack or sufficient shortages of cer- 
tain ones may result in total defeat. 


If we recognize this estimate of the 
situation to be correct, we then are in 
a position to seek practical solutions to 
the problems apparent. It is not in- 
tended here to cover the entire field, 
but only to touch upon a few vital ele- 
ments of the overall problem, with 
what seems to be the simplest and most 
direct line of approach. Only four 
broad, related and’ important aspects of 
our national logistic situation will be 
referred to, with suggested practical 
solutions and examples. These are dis- 
cussed under the headings of fuel, 
transport, power, and steel. 


In considering these four particular 
subjects, it is quickly evident how close- 
ly they are interrelated. It is not pos- 
sible for us in this country, today, to 
acquire one of the four in sufficient sup- 
ply without amplesupply of the other 
three. The further afield we go to 


obtain the raw materials to supply one, 
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the more of the other three must be 
wasted. 

Fuels are here classified, for discus- 
sion purposes, as oils, coals, gas, wood, 
waste products and water. Of all these 
only one, oil, has to be imported, both in 
peace and war times. To import oil 
requires the expenditure of steel, fuel 
oil, transport, and the Naval protection 
to keep the lines of communication open, 
which again requires the expenditure of 
additional fuel, steel, transport and 
manpower. 


Transport is by rail, truck, ship, 
barge and airline. Each requires fuel, 
and only one, rail transport, really” has 
its choice of two fuels, coal or’ oil. 
The cheapest form of internal trans- 
port is by barge, upon the rivers, canals, 
lakes, and inter-coastal waterways, and 
it is the only one of the transport agen- 
cies which permits the extensive use of 
wood, plastics, or concrete construction 
in place of steel. Again, barge trans- 
port requires fewer men per ton mile, 
and less fuel per ton mile than any 
other form of continental transport. .,- 

Power in the United States is gen- 
erally generated through the expendi- 
ture of coal, oil, gas, water, and a small 
amount of waste products such as 
bagasse, sawdust, sewerage gas, .etc, 
Only one of these, oil, has to be im; 
ported. It requires the maximum 
amount of steel, transport, power, and 
manpower to bring oil to the boiler 
where it is to be burned. Water re- 
quires the least expenditure of steel, 
transport and manpower, as a source of 
energy to generate power. 


Steel is produced from iron ore, and 
requires one ton of limestone, four tons 
of coal and two tons of high grade ore 
to supply one ton of ingot steel, sup- 
plemented by extensive transport, power 
and manpower. Since we no longer 
have enough high grade iron ore in this 
country to satisfy our peacetime ‘ re- 
quirements, we are importing increas! 
ingly large amounts of ore, and a 
planning ‘td import greatly 
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amounts, as Our Own sources decrease, 5. Utilize all waste products possible, 
be and as our demand increases. The either in place of raw materials which 
ocean import of ore requires increasing require ocean transport, or as fuel. 
oo expenditures of oil fuel, more steel 6, Wherever possible, use wood, plas- 
od, ships, and larger supplies of manpower. tics, magnesium, titanium, glass, con- 
ese After the above very brief review, we crete, or brick in place of steel, iron 
= then wonder what we can do, construc- or other strategic metals. 
= tively, to reduce the expenditure of fuel, 7. In all parts of the country not 
ae transport, power or steel, either in within economic logistical transport 
se emergency or war. Some of the sug- distance of a basic steel mill which 
‘ of gestions and examples which follow makes steel primarily from ore, manu- 
ce" may seem elementary or inconsequen- facture steel from scrap in electric fur- 
sa tial, but it is believed that they may ace steel mills. This will save fuel, 
add up to appreciable savings of fuel, transport and power.? 
hip, external transport, power, steel and It seems to this writer that the above 
uel, manpower. 
has In light of present knowledge, sev- 
oil. eral general rules, for possible country- try to any great extent in the past 
ans- wide application, present themselves. = hecause economic or logistic necessity 
als, 1. Do not burn oil as a fuel, if it is nas not so dictated. It is widely believed 
and economically or logistically possible to that, in the event of a possible World 
zen- burn any other fuel. By the same token, war [IT we will not have a long pre- 
e of it is self-evident that, in general, new paratory period before heavy and deci- 
tion steam or Diesel power plants to generate iy. actions occur. We are now in an 
ans- electricity should not be built in those emergency, preparing against war. It 
mile, localities where the potential power tehooves us to really prepare on the 
any which may be generated by water has 31) out logistic level 
been completely developed. Wherever Practical 
gen- possible the saving bode any. soem. ot Fuel Oil: There ios a few northern 
small products shou accomplished. aa 
as 2. Develop all forms of our potential tie" 
providing cheaper internal transport Th ne them to 
oiler because of reduced fuel and manpower 
requirements per ton mile, and permit- press hark 
ce of requirements for rail cars, locomotives 
» however, a very large supply 
a 3. In all parts of the country not of crankcase drainings suitable for use 
» ans within economic logistical distance of 25 fuel or as raw material for re-refined 
- tons oil refineries, recover used automotive lubricating oil. The salvage of this used 
le ore crank case drainings, preferably by re- oil on a large scale locally would reduce 
sup- refining it into high grades of lubri- @Ppreciably the requirements of ocean, 
Dower cating oil, or by burning it as fuel. barge, tank car and truck transport, 
ones This will save transport, crude oil, fuel with the consequent reduction of fuel 
n this and manpower. burned by such transport. 
le Pel 4. Wherever possible generate some Many large cities and municipalities 
creas- power in municipal sewerage plants, by operate trash incinerators, city dumps, 
nat using the sewerage gas available. or both. The trash is just burned, or 
reas 


883 


used as fill. The city of Miami, whose 
present incinerator has become small 
and obsolescent, has used the trash in- 
cinerator to generate steam for a city 
hospital. The new sewerage disposal 
plant of Tampa will generate some of 
the power required to operate the plant 
by sewage gas in internal combustion 
engines, as does the Coney Island plant 
in New York, and a few other installa- 
tions. 


In Florida, Texas, Arizona, Cali- 
fornia, and other localities having simi- 
lar climates, there has been some use 
of surface type solar heaters, to heat 
the water used in homes, and a few 
stores. The writer has seen such in- 
stallations which have been in service 
20 years or more, which have given 
perfect service during that time, and 
have supplied all the hot water needed 
during their life, without the expendi- 
ture of any gas, oil, or electricity. Very 
few of the new homes built in Florida 
since the war have employed such heat- 
ers, but have used mostly electric water 
heaters. The widespread use of solar 
hot water heaters, as well as of such 
heat exchangers designed as house heat- 
ers, feed heaters for boilers, laundries, 


LOGISTICS 


AvERAGE Ton MILE TRANSPORTATION Costs OF CRUDE OIL AND 
Propucts—YEAR 1946. 


Crude Fine Dimes 
Gasoline Pipe Lines .................. 
Company-owned trucks ............... 
Company-owned ships* ............... 


* Note that only deep-water shipping is less costly. 
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Rail 
Per Ton 


Distance 
Miles 


680 


Barge 
Per Ton 


850 3.50 9.40 
400 3.80 5.00 
950 2.20 8.60 
910 2.70 8.00 
950 2.00 5.72 
650 2.80 7.20 


ne 


0.00527 203% 
0.01640 643% 
0.06853 2640% 
0.00050 19% 


commercial plants, etc., could bring 
about an appreciable reduction of fuel 
expenditure, with consequent reduction 
of transport and its fuel. 


Transportation. 


The above tables indicate how barge 
rates compare with rail rates in those 
particular fields in which they are best 
justified : 

For many reasons, inland waterways 
have not reached a state of development 
comparable with that of rail and truck 
transport. Inland waterways are more 
highly developed in Europe, and espe- 
cially in Germany and_ neighboring 
states. During World War II the 
allies, toward the end, were able 
to stop practically all rail and truck 
transport by aerial attack, but were 
never able to stop operation of barge 
shipments via inland waterways. 


The development of just two proposed 
waterways, the St. Lawrence Ship 
Canal and Power Project, and the 
Florida Cross State Barge Canal from 
Jacksonville to Yankeetown, would im- 
measurably improve our transportation 
facilities; reduce fuel consumption, re- 
duce manpower requirements and as- 
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sure deliveries of essential war mate- 
rials by internal lines of communication. 
In the consideration of the immediate 
construction of the Cross State Barge 
Canal, it should be borne in mind that 
this canal will afford to many interests 
in Florida, as well as to the nation as 
a whole, strategic and protective fea- 
tures in the event of war, which alone 
would justify the construction if no 
material peacetime commercial benefits 
were to follow. 

Power. Generally, the development of 
power and the selection of fuels has 
proceeded along basically sound and 
economic lines. As mentioned above, 
however, all efforts must be made to 
develop completely all hydro-power 
available, since every kilowatt so gen- 
erated reduces fuel consumption as well 
as transportation and manpower re- 
quirements. The outstanding example 
under consideration today, and which 
is long overdue, is the St. Lawrence 
Canal Power Project, which will be of 
tremendous value to this country and 
Canada, in the event of war, not only 
because of the power developed with- 
out the necessity of burning transported 
fuel, but because it will permit trans- 
port, by internal lines of communica- 
tions, of vital Canadian iron ore to 
U. S. mills, and of Canadian petroleum 
from West to East with maximum 
efficiency. 

Due to the inherently greater effi- 
ciency of large boilers and _ turbo- 
generators, as compared with small 
ones, all efforts should be made to uti- 
lize only Central Station Power by in- 
dustry. Except in those comparatively 
few. cases where by-product power is 
available because of the needs of pro- 
cess steam, there is no valid economic 
or logistic excuse for the many small, 
local generating plants operated by 
some industries, hotels, municipalities, 
etc. Their operation only increases fuel 
demands, transport load and manpower 
requirements. 

Steel. As in the case of the three 
other principal headings discussed, vol- 
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umes could be written on this subject. 
At present and as a matter of fact as 
has been the case for upwards of ten 
years, there are serious steel shortages. 
It is obvious that greater efforts should 
be made to use other materials in place 
of steel wherever possible. This indi- 
cates the more rapid development and 
production of Titanium, for example, 
and the wider use of other metals, plas- 
tics, etc., in certain applications. 

In concrete structures, the steel re- 
inforcing rods amount to approximately 
40% of the weight of an all-steel struc- 
ture. As a result of research and de- 
velopment abroad, and of interest dis- 
played by the John A. Roebling’s Sons 
Company, stronger concrete requiring 
a smaller percentage of steel reinforce- 
ment, has been employed in a large 
bridge in Philadelphia, in large tanks 
in Miami, and in large sewer piping in 
Tampa. While applicable only to hori- 
zontal beams, members, slabs, etc., the 
reinforcement consists of prestressed 
steel cables. It is believed that the field 
of use of concrete could be widened 
appreciably if it were moulded under 
fairly high pressures, having the re- 
inforcing members prestressed under 
tension and the airfree concrete pre- 
stressed or formed under sensible com- 
pression. Such concrete should have 
physical properties approaching those 
of cast iron, and might even find use 
in place of that metal in bedplates, 
pedestals, surface plates, etc.* 

Electric furnace steel mills have 
found wide use in the production of 
alloy and stainless steels. They have 
found limited use in the production of 
carbon steel from scrap. There has 
been, however, an appreciable produc- 
tion of structural carbon steel from 
scrap by electric furnace steel mills on 
the West Coast, due to the high freight 
rates on scrap to the steel mill and on 
finished steel from the mill. There are 
several locations in or near the United 
States where the construction of elec- 
tric furnace steel mills to operate on 
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local scrap would not only be justified 
economically but would appreciably re- 
duce transport requirements, and con- 
sequently, fuel consumption : 
Florida—(a mill being considered 
for Miami) 
New Orleans 
Tennessee—(a mill has been au- 
thorized) 
Texas—(a mill is contemplated) 
Mexico—(a mill is planned) 
Puerto Rico—Cuba—Hawaii— 
Panama 


At present, while scrap is in short 
supply, there is much scrap available 
which does not move to the steel mills, 
because the distances and consequently 
the freight rates, are too high. There 
is much scrap steel which is not re- 
covered. As an example, the City of 
Miami, in the engineering of its new 
incinerator, plans sorting lines, detin- 
ning equipment, and steel and paper 
baling presses. When in service, bottles, 
rags, waste paper and metals will be 
sorted and sold. 12,000 tons of tin cans 
per year will be detinned, yielding 30 
tons of tin and 11,970 tons of baled 
steel scrap which formerly went to the 
city dump. Entirely aside from fuel 
savings resulting from the steam gen- 
erator, this modern example of munici- 
pal engineering will show gross receipts 
of over $350,000 per year from the 
sales of steel scrap, tin, baled waste 
paper and rags. The wide-spread prac- 
tice by cities and municipalities of waste 
recovery as planned for Miami would 
result in greatly increased amounts of 
scrap steel and tin becoming available, 
not to mention increased amounts of 
two scarce raw materials for paper and 
paper-board manufacture, and would in 
addition, reduce fuel consumption and 
transport correspondingly. 

In mentioning steel, we cannot over- 
look the tremendous wartime logistical 
transport propviems of hauling iron ore 
from Cuba, Sweden, Chile, Venezuela 
and Canada to supply American mills. 
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A ton of steel requires approximately 
2 tons of ore, 2 tons of limestone and 
4 tons of coal. A ton of scrap only 
needs to be melted, and if done in a 
small mill locally, where its products 
can be used, greatly reduces rail trans- 
port and fuel burden, when considered 
on a national scale. 


In the development of steam genera- 
tion, the efficiency of boilers has about 
reached the practical limit economically 
obtainable. Basic design as developed 
by the Navy, however, has differed 
radically from that used by public utili- 
ties and industrial plants, in that the 
Navy has had to give great considera- 
tion to weight and space, whereas the 
weight and space requirements of land 
boilers seemed of little consequence, and 
an almost universal standard of 50,000 
BTU per cubic foot of furnace volume 
was deemed satisfactory. This standard 
probably was set originally by the stok- 
ers and centrifugal forced draft blow- 
ers available. Because of the primary 
urge for minimum space and weight of 
machinery, the use of higher speeds, 
higher steam pressure, higher steam 
temperatures and the adoption of the 
high speed propeller blower has brought 
about the present Navy boiler practice, 
where boilers of comparable efficiency 
and reliability have approximately only 
one-fourth the weight and volume of 
land boilers of the same capacity, pres- 
sure and temperature. In other words, 
if industrial and public utility boilers 
were to be built to Naval standards, 
they would require only approximately 
one-fourth the weight and cost of steel 
and refractories, with consequent simi- 
lar savings of foundations and build- 
ings, again reflecting transportation 
savings. Yet, even today government 
agencies, including the Navy, are build- 
ing stationary boiler plants to land 
standards, instead of to well-proven and 
tried Naval standards, which would re- 
sult in monumental savings of strate- 
gically scarce steel. In this connection 
the writer proposed in a recent article 
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in the JOURNAL OF THE AMERICAN So- 
CIETY OF NAvAL ENGINEERS that, in- 
stead of designing and building new 
emergency floating power houses, as 
was done during World War II, we 
can save all of the steel required by 
hulls, and an appreciable amount of 
that contemplated for boilers, by in- 
stalling 30,000 KW generating capacity 
in surplus and obsolescent Liberty hulls, 
which is made possible by using Navy 
boiler and machinery standards.® 

In contemplation of a possible World 
War III, it becomes evident that the 
ability of this country to survive and 
win will depend upon logistic support 
of vital strategic plans. Almost enough 


will not be sufficient. We can surely 
expect a more effective submarine cam- 
paign against our ocean and coastal 
supply lines than was mounted during 
World War II. As a nation we have 
become aware of our shortages of vital 
raw materials only so recently that we 
have not only not considered those sav- 
ings which are possible and necessary but 
we have done little or nothing to obtain 
them. We have started to stock-pile, 
but it is hardly possible to accurately 
determine how large those stockpiles 
should be.. If our supplies of strategic 
raw materials and manpower are not 
large enough, the results may prove to 
be fatal. 
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THE NEXT 


ANNUAL BANQUET 
OF 


THE AMERICAN SOCIETY OF 
NAVAL ENGINEERS 


WILL BE HELD AT 
THE STATLER HOTEL 
IN 
WASHINGTON, D. C. 


ON 


FRIDAY, 2 MAY 1952 


PLANS ARE NOW BEING DEVELOPED. MEMBERS 
WILL RECEIVE APPLICATION BLANKS 
IN ABOUT TWO MONTHS. 


. 


DIESEL ENGINE DEVELOPMENT 


TRENDS IN DIESEL ENGINE 
DEVELOPMENT 


E. C. MAGDEBURGER 


Tue AUTHOR 


devoted a lifetime to the development of the diesel engine for the U. S. Navy. 
He was born and graduated in mechanical engineering in old Russia. Fascinated 
by Rudolf Diesel’s concept of the “rational heat motor” while 
engines in Germany he began his diesel career with a Russian licencee of MAN. 
In 1910 he came to this country and built large gas engines for Allis Chalmers 
Company and crankcase compression oil engines for Fairbanks-Morse Company. 
In 1912 he joined Busch Sulzer where a line of engines under Sulzer license was 
developed and submarine engines were built to power Lake submarines. Since 
January, 1922, he has been with the Bureau of Ships or its predecessor. 
of his past contributions to the subject were published in the JouRNAL. 


building gas 


Many 


The current diesel engine develop- 
ment all over the world is guided by 
the following two basic considerations : 

a. Supercharging is a “must” eco- 
nomically, i.e., more air must be burned 
per cycle with consequent higher mean 
effective pressures. Ratings much above 
the mean effective pressures obtained in 
the past with atmospheric induction of 
air for combustion are now practically 
attainable. Reduction in size and spe- 
cific weight follows the adoption of 
supercharging. 


b. Higher. thermal efficiency must 
also be sought by reduction of the heat 
rejected into final exhaust through 
further expansion of engine exhaust 
gases down to atmospheric pressure in 
a supplementary gas turbine. The spe- 
cific fuel consumption of such a com- 
pound engine-turbine plant can be sub- 
stantially reduced and its reliability of 
operation increased. 


Combination of the above two fea- 
tures creates sufficient energy in the en- 
gine exhaust gases to drive a high- 
speed turbo-compressor unit capable of 
charging the engine cylinders up to a 
pressure of 30 psig (3 atmospheres) 
when operating on a four-stroke cycle. 
A turbo-charged four-cycle engine of 
these characteristics supercharged to 
30 psig, with BMEP of not less than 
240 psi for continuous service and a 
specific fuel consumption of less than 
0.31 Ibs/BHP/hour is now ready to 
be exploited by the MAN company. 


A two-cycle engine takes more air to 
scavenge and charge the working cyl- 
inders since some of this air is wasted 
into the engine exhaust during scav- 
enging, reducing resultant pressure of 
the exhaust gases and lowering their 
specific heat content and temperature, 
so that at low loads the turbocharger 
cannot any more supply sufficient air 
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for scavenging and charging. However, 
for supercharging above 30 psig (ap- 
proximately) the two-cycle engine cyl- 
inder itself can supply the increased 
power required by such a compressor 
and its exhaust gases would then repre- 
sent the total energy available for 
carrying the useful load through ex- 
pansion in a gas turbine. Such a com- 
bination of a gas turbine with an 
opposed-piston two-cycle cylinder in the 
form of a free-piston gasifier is now 
clamoring to supersede the original 
diesel engine. Supercharged to 80 psig 
for full power, with a BMEP equal to 
220 psi and a fuel consumption of 0.36 
lbs/BHP/hour it represents the utmost 
of the two-cyclé 'type of diesel engine 
and is now under development for U. S. 
Navy by the Baldwin-Lima-Hamilton 
Corporation. 

How can such heavy thermal loads be 
‘carried without damage? In the four- 
icyele engine such as the MAN the 
‘combustion gases are positively dis- 
placed by the upward moving piston 
except for the small residue filling the 
combustion space. All of the super- 
charging air is cooled and only a small 
amount of it is wasted on blowing out 
or scavenging the combustion space 
prior to charging the cylinder with this 
cooled air during the following down- 
ward stroke of the piston. This appar- 
ently is adequate for carrying continu- 
ously. a BMEP of 240 psi. In the 
gasifier on the other hand a BMEP of 
220 psi can be carried on a two-stroke 
cycle, or a thermal load, substantially 
twice as high, before the temperature of 
the gases exéeeds the 1250°F limit for 
the turbine blades. The reason for this 
excellent endurance lies no doubt in the 
use of: a large quantity of higher com- 
pressed air to cool the interior surfaces 
of;the--power cylinder, a quantity lim- 
ited only by the BMEP of the power 
cylinder, which at all times must equal 
the 'MEP of the compressor times the 
ratio of their effective piston areas. 

On the other hand, the development 


possibilities of the conventional two- 
cycle engine are strictly limited, pri- 
marily by the low efficiency of its scav- 
enging, i.e., by the residue of combus- 
tion gases remaining in the cylinder, 
polluting the air charge and raising its 
temperature. In this respect the uniflow 
scavenging where the air is not re- 
quired to change its direction of flow 
is the most efficient and particularly in 
slower speed engines with long strokes. 
These latter engines can be effectively 
scavenged with minimum of scavenging 
air hence require a minimum of fuel 
for it and therefore have the lowest fuel 
consumption. But the rating of any 
two-cycle engine does not exceed a 
BMEP of 100 psi and even this rating 
cannot be reliably obtained in short 
stroke engines of higher:rpm. The scav- 
enging blower in all cofiventional two- 
cycle engines is mechanically driven, 
i.e., it deducts from the power delivered 
to the shaft and requires additional con- 
sumption of fuel. Hence a conventional 
short stroke two-cycle engine, favored 
for the simplicity of its construction, 
can not possibly compare in either spe- 
cific output, ie., in BMEP rating, or 
in thermal efficiency, or fuel consump- 
tion with the turbocharged four-cycle 
engine at the present state of its de- 
velopment. The two-cycle engine recov- 
ers~its relative advantages only when 
very high supercharge pressures are 
used and the air used for scavenging is 
not wasted but, heated by the scaveng- 
ing process, it is usefully expanded in a 
gas turbine. Such is the case of the 
compound gasifier-turbine combination. 

A naval propelling plant by its very 
nature must have a high BMEP rating 
to produce compactness and permit a 
maximum output in the space available 
and a low fuel consumption to better 
‘utilize the fuel supply which can be 
provided. It is fortunate for the Navy 
that a railroad locomotive requires a 
power plant with similar characteristics 
so that the development of one auto- 
matically advances the other. ' 
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MANAGEMENT BY EXCEPTION 


MANAGEMENT BY EXCEPTION— 
THE NAVY WAY 


‘Industrial Engineering in the Fleet 


COMMANDER JOHN A. HACK, U. S. NAVY 


Navy’s “old ills.” 


THE AUTHOR 


Is a graduate of the US Naval Academy at Annapolis in the Class of 1935. 
After varied naval service he received post-graduate instruction and completed 
a course in Management and Industrial Engineering at Rennselaer Polytechnic 
Institute in 1950. There, to quote Commander Hack “I learned the importance 
of the principles I have tried to outline in simple fashion for my friends who 
have not had the fortune to learn formally, but still desire to cure some of the 


Management—“T he act or art of managing ; administration; guidance; control.” 


Captain Michael O’Shaugnessy, 
United States Navy, did not believe in 
the Little People that once rolled and 
frolicked in the green lands of his an- 
cestors. Certainly, at least, the lepre- 
chauns did not exist on his ship, the 
USS White Mountains, whose motto 
“Destroyer Service—with a smile” had 
been through the years both a fetish 
and a misnomer. In his year as Com- 
manding Officer he had come to accept 
the fact that a repair ship had an awe- 
some task. Ships came alongside with 
a never-ending stream of work requests. 
No two seemed to be quite the same. 

Arrival confer-rces were held with 
the Destroyer captains during which 
time the work to be accomplished was 
discussed in a manner which sometimes 
bordered on the nebulous. Inwardly, 


—Webster. 


O’Shaughnessy had been completely 
frustrated at the inability of his Repair 
Department to explain why, after so 
confident a beginning, destroyer over- 
hauls soon became a maddening adven- 
ture, with every shop working franti- 
cally to complete all of the accepted 
work, which slowly but inevitably got 
beyond the capability of his ship to 
finish on time. The White Mountains 
was a fine tender by the standards of 
the Fleet. She accepted, and completed, 
more work requests than any other in 
the Atlantic or the Pacific. But as each 
destroyer cast off its lines, left in the 
wake of her churning propellers were 
many sorry memories . . . jobs which 
the tender had promised to do but which 
had been terminated for “insufficient 
availability,” “Material not available,” 
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MANAGEMENT BY EXCEPTION 


“beyond the capacity of the tender to 
accomplish” . . . logical reasons of 
course, but so intangible to grasp, or 
to explain to the Destroyer captain who 
was now a dissatisfied customer. 


It was as though a factory were ac- 
cepting orders from customers, with 
solemn assurances of delivery, and then 
in the short space of two weeks apolo- 
gizing that the factory couldn’t make 
those things after all. O’Shaugnessy 
knew that there must be some escape 
from this weekly routine of frenzy. But 
he had come to accept it too, as a 


natural thing that must be, in repair 
ships or Navy Yards. 

Such were his thoughts as he was 
startled by that voice from the vicinity 
of his cabin door. It seemed as though 
he were hearing that a problem would 
be developing tomorrow. There were 
very specific reasons for it. Very clear- 
cut choices of decisions were being of- 
fered for consideration. No, he didn’t 
believe in the Little People of Ireland, 
but the thought of so much advanced 
warning of a problem that didn’t even 
exist as yet both intrigued and startled 
him, to say the least. 


THE MANAGEMENT ENGINEER 


Lieutenant Commander Jones was no 
leprechaun. He was not little, nor was 
he Irish. Although his precise exposi- 
tion of the coming problem, its causes 
and the choice of decisions needed to 
overcome it, had seemed almost like a 
prophecy, it could not be claimed that 
he was even a genii. He was just an 
average officer with a burning desire to 
see more things produced at a mini- 
mum cost and in the shortest possible 
time. 


Jones, just recently ordered aboard 
as the new Repair Officer, appeared to 
know a little about every phase of the 
industrial field, yet was an expert in 
none of the traditional engineering 
crafts. One might describe his talents 
as being but a state of mind, as he in- 
quired into a galaxy of events which 
outwardly bore no relation to each other 
and attempted to connect their inter- 
locking facets. With the fervor of a 
monastic, and the mysterious aid of 
charts and diagrams, he was a study 
as he strove to devise means of pro- 
ducing more things, more quickly, with 
less effort and expenditure of money, 
and as automatically as possible. So 
commonplace were his methods and 
techniques, that the people about him 
suspected that he was employing only 


common sense in his explanation of the 
world’s and his ship’s problems and 
their solutions. 


Yet his civilian counterparts com- 
manded fantastic salaries as consultants 
in furthering American mastery of in- 
dustrial organization and production 
methods. To the Navy, he was a new- 
comer, a Johnny-Come-Lately, whose 
position was by no means established. 
The Electronic Engineer, The Naval 
Constructor, The Metallurgist .. . even 
the Radiological Engineer all fit into a 
nice precise niche in the Navy’s system. 
But the Management Engineer fit into 
no such precise niche. Bringing to- 
gether such a kaleideoscopic welter of 
problems. . . . Psychological, organiza- 
tional, financial, statistical, geophysical, 
those relating to production and sales 
...that he belonged to no one, but was 
useful to most of the established units 
of the naval establishment. As he pur- 
sued his art, a wake of heated discus- 
sion was left behind, for efficiency and 
improvement always necessitates clear- 
cut responsibilities to produce. From 
these discussions some improvement al- 
ways resulted. 


Jones was, in a sense, one of the 
Navy’s living memorials to the great 
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MANAGEMENT BY EXCEPTION 


James Forrestal . . . being one of the 
Navy’s Management and Industrial En- 
gineers. It has been said that during 
the last war Mr. Forrestal, after a tour 
around the Navy’s industrial establish- 
ments, and after hearing some of the 
commonplace complaints of business 
men concerning the average Naval Offi- 
cer’s inability to appreciate the prob- 
lems and philosophies of private indus- 
try, conceived the idea of training a 
nucleus of career officers in the art of 
industrial management. Through them, 
as they pursued their careers in Ship- 
yards, in the technical Bureaus, or in 
positions where the Navy must coordi- 
nate its efforts with those of industry, 
Forrestal foresaw a blending of the 
techniques and philosophies which made 
America industrially great, with the 
courage and traditions of the naval es- 
tablishment. Both the Navy and indus- 
try could prosper with the efficiency 
bred from a sincere mutual under- 
standing. 


A handful of officers, Jones among 
them, had been sent back to college to 
learn the industrial dogmas. The Uni- 
versity had loaned some of them to a 
small refrigeration corporation as con- 
sultants, to further their first-hand 
knowledge of American Industry in a 
company which was by self-admission 
sick from the postwar period of de- 
creasing profits. The officers had been 


THE NORMAL CAPACITY 


“The first step in such a system 
would involve the determination of the 
tender to accomplish work. It is logi- 
cal to presume that the capacity of each 
of the shops could be measured in com- 
mon productive units. Since time and 
time again, machines have been idle for 
lack of men to work them, one criterion 
of a shop’s ability to produce work 
would be the number of men assigned 
to. the shop and the amount of time 
they can spend in working. I find that 
in the past each man in the Repair De- 
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taught by the managers of a large steel 
corporation as part of their training. 
And then, like disciples, Jones and his 
classmates, had scattered throughout the 
Navy, preaching the gospel of indus- 
trial efficiency and the philosophies of 
America to whomever would listen. 


After he had come to the White 
Mountains, Jones had visited in 
O’Shaugnessy’s cabin from time to time, 
and over several cups of coffee dis- 
cussed one small phase of that new- 
found faith, the problem of organizing 
a Repair Ship to think, act and produce 
along modern American industrial 
principles. The burden of his talk had 
been: 


“We can’t create a Utopia overnight, 
of course. There will be resistance to 
any system which is a change. But by 
common sense methods and persistent 
education of the Repair personnel in 
the techniques of efficient production 
planning and control we should be able 
to bring the tender to a state of effi- 
ciency which would compare favorably 
with the small job order factory of 
which she is a military counterpart. 
We should have a system by which the 
orders of our customers are analyzed 
in such a manner that we may plan, 
produce and deliver the repairs that 
they desire in the time allowed for such 
operations.” 


partment has been engaged in work on 
destroyer repairs approximately six 
hours every working day. The other 
hours inevitably disappear in the daily 
military drills, watches, lunch periods, 
and the other interruptions which are 
a part of military life. Each shop can 
be said to have a normal capacity to do 
work of six man hours times the num- 
ber of men assigned. This can be con- 
sidered to be the standard of achieve- 
ment which can, and must, be achieved 
in a normal working day.” 
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EXPRESSION OF WORK IN TERMS OF THE STANDARD 


“If work requests submitted by a de- 
stroyer customer were to be so ana- 


_ lyzed that each shop’s operations neces- 
‘ sary to accomplish the job as a whole 


were to be expressed in man hours 
also, it would be possible to establish 
a primary basis for determining which 
jobs can be’ accomplished, and which 


cannot, long before the overhaul of the 
destroyer commences. A shop should 
be able to accomplish an amount of 
work equal to her capacity in man 
hours. Only when a shop has been allo- 
cated work equal to her capacity to 
accomplish repairs, can she be consid- 
ered to be operating at full efficiency.” 


THE JOB ORDER 


“The Destroyer Officers are the cus- 
tomers of the repair ship. They know 
what they want accomplished and ex- 
press their desires on a Work Request 
form so well established by usage that. 
given the ability to write, and the pa- 
tience to fully describe the repair re- 
quired in sufficient detail that a third 
party can understand their desires. 
every officer can accurately fill out a 
Work Request. For instance, the Com- 
manding Officer of the USS Tinplate, 
desiring the tender to install a certain 
electronic device, might write out a 
Work Request simply : 

“*Accomplish ShipAlt E422.’” 


“The tender Repair Officer must 
translate this request so that it may be 
understood completely by every work- 
man who will be engaged on this par- 
ticular job. The translation should de- 
scribe not only what is to be the end 
accomplishment but a decision as to the 
most efficient, or practicable way to do 
it. It should explain who is te do each 
operation, what they are to do, when 


they are to do it, and how long they 
may spend on the operation required. 
If the features of the work are such 
that a particularly skilled man is re- 
quired, that fact should be noted. With 
the assistance of his Warrant Officers, 
the Repair Officer could translate in- 
coming work requests into job orders 
which meet the requirements outlined 
above. A typical job order, prepared 
from the preceding work request, and 
prepared with sufficient copies for every 
interested shop or officer to receive one 
might appear as in Figure 1. 


“Filled out thus far this form has 
explained the operations to accomplish 
the entire job, has established the man 
hours required to accomplish each oper- 
ation. In the hands of the Production 
Planning Officer it will become the 
basic document from which he may di- 
rect the operations of each shop, to the 
end that all will work with complete 
coordination, and at their full normal 
capacity.” 


MATERIAL AVAILABILITY 


“The Job Order would be useful only 
if the material required became avail- 
able in the appropriate shop at the time 
when the work was to be accomplished. 
Too many times plans proceed without 
taking this rather obvious fact into 
consideration. After he has filled out 


the Job Order, the officer investigating 
the work should also fill out a Bill of 
Material, or at least should indicate 
that material which is required, and is 
not carried in stock as a matter of rou- 
tine. Figure 2 is an example. 
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MANAGEMENT BY EXCEPTION 


“Now, armed with a job order with Officer could proceed to coordinate the 
each operation described in units of work required in each of his shops 
ship’s capacity, a Bill of Materials, and during the entire period of the forth- 
the original work Tequest, the Repair coming overhaul.” 


ah USS White Mountains JOB ORDER 


Ship. TINPLATE W.R. 1-51 Investigated by: A.B. Sea 
Material Required Is on Board Is on order Delivery 
Shop or - Hours Days Day Day Actual 
Office ot Goucation Required| Req. | Start | Finish | Hours 

Ship to 
Shop 
Shipfitter | Manufacture and install 90 | 


Aluminum Stub Mast as | 
BuShips Plan 
59224 


Electrical | Install Electric Cable as per 148 3 
Buships Plan S-85922 


Electronic | Install Device Able. Con- 
nect up and test. 6 % 


Work Inspected by Ship................. Work Accepted by... 
DD W.R. No. I-51 WHITE MOUNTAIN J.0. No. 19-51 This copy to: SHIPFITTER 


, Ficure 1. 


White Mountains BILL OF MATERIAL 


U.S.S. TINPLATE 15 February 1951 
Deadline Delivery Date Required by: A.B. Sea 

Std. Stock 

Cat. No. or Description of Article Unit Required 

Class No 
62-S-9588 1” Aluminum Tubing 
84-S8655 3 conductor shielded cable 1 400’ 
89-P-8744 Device Able 1 1 
Date submitted to Supply Officer. “yr 
Date furnished by Supply Officer. 
DD W.R. J-51 WHITE MOUNTAINS J.0. 19-51° 


895 


of 
nan Sind 
to 
sid- 
they 
red. 
such 
re- 
Vith 
sers, 
in- 
ders 
ined 
ared 
very 
plish 
man at 
yper- 
‘tion 
the 
y di- 
the 
plete 
rmal 
|| 
Xl 


MANAGEMENT BY EXCEPTION 


PLANNING—A FUNCTION OF TIME AND CAPACITY 


“Some systems progress this far and, 
failing to recognize the relationship of 
time to capacity, leave the final result 
as confused as though the entire plan- 
ning process had been based upon ex- 
perience alone. During the early part 
of the last war submarines were sent 
in to a new shipyard on the west coast. 
Their work requests were analyzed well 
in advance, translated in such a manner 
that all jobs could be accomplished in 
the sixty-day availability period, as 
proven by a comparison of the capacity 
of the shops and the man hours re- 
quired to do the work. But, at first, 
no submarines were able to leave the 
yard at the end of the scheduled avail- 
ability. Excuses were made which were 
difficult to track down. Finally, by 
charting each operation on a calendar 
chart for every work request, showing 
the detailed operations required, the 
shop involved, and the time each shop 
required on each operation, the inter- 
relationship of all jobs to each other 
was visually demonstrated. For as 
everyone knew, but no one recognized, 
certain jobs could not be started until 
others were finished. And while the pre- 
liminary estimates did not overload any 


one shop over a sixty-day period, many 
shops were overloaded in short periods 
of time. Moreover, a delay in one 
operation, though it was early in the 
overhaul, caused a series of delays down 
the line, until just before the sixtieth 
day the cause was not only forgotten, 
but could never be determined. Shops 
which were operating efficiently were 
blamed for delays that were caused by 
inefficient ones, simply because they 
were the last to work and so ‘Obvi- 
ously were holding up the completion 
of the submarine.’ Not until all shops 
were coordinated in time, as well as 
in overall capacity, by diagramming an 
entire forthcoming overhaul on a cal- 
endar chart, could the Shipyard Com- 
mander gain a clearcut picture of what 
had been happening, and a full realiza- 
tion that a delay on the second day 
was just as vital and as serious as one 
on the fifty-ninth day. Armed with this 
information, all overhauls thereafter 
were scheduled in advance, and in de- 
tail on a time chart, and submarine 
overhauls proceeded according to sched- 
uled availability in most instances. 
When they did not, the Shipyard Com- 
mander knew exactly why not.” 


SCHEDULING 


“Just as the Shipyard was able to 
schedule the work on a submarine in 
advance of its overhaul, the Repair 
Officer could schedule the detailed oper- 
ations required for each job required on 
the destroyers soon coming alongside. 
This responsibility he could place upon 
one of his assistants, the Production 
Planning and Control Officer. In the 
same manner as a jigsaw puzzle takes 
shape, the schedule would be assembled 
by fitting the data from each job order 
onto a Production Schedule Board in. 


such a manner that the most efficient 
manner of utilizing the capacity of the 
shops, at the time most appropriate, to 
insure that all of the work which was 
within the capacity of the tender to 
accomplish technically, from: a -stand- 
point of man hours, and from a stand- 
point of total time, would flow through 
the shops at the proper time. For in- 
stance, he would schedule the job we 
have previously discussed on a large 
plexiglas board as follows: 
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USS White Mountains SCHEDULE AND CAPACITY BOARD 


March 
Daily 
Daily Capacity 
Shop Capacity Value one | 8 | 9 
Sub-line |M} T} F| Ti F| SiIM| T 
% % 
19 
Shipfitter 36 12 ~< 
19 
Electrical 12 6 <—> 
Electronic 12 6 19 


Note: Each job is scheduled as a line, the length of which represents the man _hours re- 
quired, and thus establishes the days required. 


The number on the line indicates the Job Order Number for identification. 
Jobs which may be done simultaneously in a shop are scheduled by utilizing the 


subdivisions under each day. 


Jobs which must be started only after another is finished must be scheduled on 


the following day. 


Under Saturday the notation % indicates a half working, or 44 capacity day. 


ISSUING WORK AND ORDERING MATERIAL 


“With the schedule in front of him, 
the Production Planning and Control 
Officer may now proceed to order ma- 
terial and issue work. By filling in the 
deadline delivery date on the Bill of 
Material and passing this slip to the 
Supply Officer, the latter may take such 
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action as is required to insure delivery 
of needed material by the specified date. 
The Production Planning and Control 
Officer can also complete the Job Order 
by filling in the day to start, and the 
day to complete, each operation. The 
completed Job Order, when delivered to 
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the appropriate shop would constitute 
an order to proceed on the work, on or 
before the date specified. Blue prints, 
the original work request, Bill of Mate- 


rial, and other appropriate data should 
be stapled to the Job Order when is- 
sued to the shops.” 


SHOP PLANNING 


“Since each job’s operation would be 
a separate entity of work, insofar as 
the officer in charge of each shop was 
concerned, it should be noted that any 
system of priority numbers assigned to 
the jobs as a whole would be meaning- 
less. The shop which had to ‘install, 
connect up and test Device Able’ in the 
work under discussion would be mis- 
led if it were told that this were a 
priority 1 job. For in the Electronic 
Shop it has no importance until the 
Electrical Shop has completed its work. 
By placing Job Orders in a Shop Fold- 
er, in order of Day to Commence, the 
priority of job orders within the job 
would be automatically established. Un- 
less some unusual situation should arise, 
the shop would proceed on work in the 
order that the Job Orders had been 


filed, that is, on specified dates. Regard- 
less of how much, or how little impor- 
tance the job under discussion is, it 
must start in the Shipfitter Shop on 
1 March, in the Electrical Shop on 10 
March, and in the Electronic Shop on 
13 March.” 


“In order that the Officer in Charge 
of a shop, as well as all the personnel 
might have a visual picture to assist 
them in their planning a ‘Load Board’ 
should be placed in a prominent location 
in the shop. As each Job Order is re- 
ceived appropriate data should be en- 
tered on the Board, which thereafter 
would serve both as a goal to accom- 
plish as well as a visual trouble indi- 
cator.” 


“A Load Board might well appear: 


USS White Mountains ELECTRICAL SHOP 


TODAY IS 11 March 


Capacity This Month 90 Man Hours 
Schedule This Month 60 Man Hours 


Capacity Today 12 Man Hours 
Schedule Today 6 Man Hours 


jo Est. Schedule Schedule 
Ship Number Man Hrs. Start Complete 
Tinplate 19 18 3-10 3-12 


Note: Mark jobs which are late in red under ‘Schedule complete and Schedule Start.” 


“The Shop Officer looking at his 
board could see that the shop was not 
scheduled to capacity, either on this 
date or for the rest of the month. He 
can see at a glance that the only job 
in the shop is progressing on schedule. 
The shop personnel could also note that 
this was a ‘light day’ and the remainder 


of the month was, at the present time, 
scheduled to be a light month. If the 
tender itself had repair work to be done, 
the Officer in Charge could divert some 
of his shop personnel to assisting in 
that work. Perhaps he could allow some 
of his men extra time off to repay 
them for overtime work in the past. 
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Individuals might take this opportunity 
to ask for an afternoon off to accom- 
plish the personal chores that plague 
Navy ships and installations. If the 
work scheduled were more than the 
normal capacity of the shop, the Shop 
Officer as well as all the personnel 
would realize that overtime work was 


required. Personal problems would have 
to be put away for the day. The load 
board could serve as an excellent aid 
for the Officer in Charge of the Shop 
to plan his work program and to help 
him in his personnel administration 
work.” 


THE ARRIVAL CONFERENCE 


“The preceding could be completed 
before the destroyer came into port and 
tied up alongside the tender to com- 
mence her scheduled overhaul. As soon 
as practicable, the officers from the de- 
stroyer and the tender could meet in 
an arrival conference in order to dis- 
cuss the few items of work which 
could not be planned without amplifi- 
cation, or which were in the nature of 
an emergency in that they had just 
come to light. With the ‘Schedule and 
Capacity Chart’ before him, the Repair 
Officer could speak with full authority 
and confidence on every item of work 
under discussion. He could visually 
demonstrate why he could or could not 
take on more work. Alternative deci- 
sions might be discussed, if the de- 


stroyer captain desired to take back 
orders for one job and submit another. 
The tender might have to go to over- 
time in order to give itself more ca- 
pacity for a short interval of time. Of 
course it must be fully understood that 
such could not become ‘routine’ other- 
wise the morale of the tender forces 
would be vitally affected. Both parties 
could leave the conference with a com- 
plete visual understanding of the work 
items which could be accomplished, and 
with full confidence that they would be 
done. Not only would they be shown 
to be within the technical capacity of 
the tender to accomplish, but they would 
be within the man hours capacity at 
every instant of time as well. 


PRODUCTION CONTROL 


“A Management Engineer cannot of 
himself produce’ work. Neither can he 
assure anyone that plans which appear 
to be sound technically will remain so. 
Given incentives, personnel will work 
faster than estimated. Thwarted with 
real or imaginary grievances they may 
work slower. Emergencies may, and in 
the Navy, often do arise. The Repair 
Officer should be assured that any devi- 
ation from the plan will be called to 
his attention immediately, automatical- 
ly, and without being bothered with the 
many routine items of work which are 


proceeding according to schedule, and 
therefore of no concern to him. His Pro- 
duction Planning and Control Officer 
should institute a system which would 
allow him to manage by exception... 
that is to be asked to make decisions,and 
to devote the maximum of his efforts, 
to those matters which are exceptions in 
that they are not happening as planned.” 

“The Planning and Control Officer 
could accomplish this by setting up a 
Production Control Board, listing those 
items of work which are of importance 
to the success of the overhaul, to the 
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desires of some senior officer, or which 
he senses may cause trouble.” 

“He would realize that the job under 
discussion, Work Request 1-51 from the 
Tinplate was a critical job since his 
schedule board warned him that only 


by perfect coordination could it be 
completed in time, in the 13 days al- 
lowed. He could control this and other 
jobs by setting a board up with the 
following characteristics : 


USS White Mountains PRODUCTION CONTROL BOARD 


location indicated 


This work is now in the 


This work is now scheduled to move from 
present location on date indicated and 
must be completed on date indicated 


SHIP |WR| JO 

Sup- | Ship Elec- 

ply | Fitter| Elect | tronic} 1 | 6} 8} 9 
Tinplate| 1 | 19 © 


Note: Place a blue pin in the appropriate location to indicate satisfactory progress. 


Place a red pin in the appropriate location to indicate unsatisfactory progress. 


Place a green pin in the appropriate location to indicate scheduled completion date. 


“Each important Job Order would be 
visually depicted, in such a manner that 
the Repair Officer could see each opera- 
tion happen, or be warned if it did not 
happen on time. When material was 
received aboard the Supply Officer 
would return the Bill of Material to 
the Repair Office. As each shop com- 
pleted its operation the appropriate copy 
of the Job Order would be returned as 
a signal that the operation was com- 
pleted and the job had moved on to 
the next shop. By placing blue pins on 
jobs which were progressing satisfac- 
torily, and red pins on those which 
were not, immediate attention would be 
drawn to work which was endanger- 


ing the success of the overhaul. By 
immediate investigation the causes of 
the trouble might be learned, and by 
inspection of the schedule chart the 
effect on other jobs and possible reme- 
dial actions which are necessary might 
be determined.” 


“Through the development of such a 
system one art of the Management En- 
gineer has been practiced. A simple 
system of production planning and con- 
trol, so depicted that plans may be made 
visually and troubles spotted almost 
automatically.” 


“Here, now, in review is a diagram 
of my plan”: 
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Captain O’Shaugnessy was disturbed 
from his reverie. The conversations 
with the new Repair Officer had pa- 
raded across his memory in that brief, 
startled, instant of time in which a 
voice had reminded him of the “Little 
People” of his ancestors. 


“Sir,” Jones was repeating, “the work 
on Device Able for the Tinplate was 
delayed by the freezing weather yes- 
terday. The Shipfitters were scheduled 
to complete their part of the job day 
after tomorrow. Then the Electrical 
and the Electronic shops have the job. 
The only way to meet our schedule is 
to keep the shipfitters on the job to- 
morrow night until about 2200. The 
other alternative is to cancel some mi- 
nor shipfitting jobs tomorrow, to allow 
us to catch up. Since only one man 
from the Electrical shop can work the 
job there is no possibility of rectifying 


BY EXCEPTION 


the delay from that angle. Next week 
the Shipfitters have considerable idle 
capacity so that I can reward the men 
working tomorrow night with special 
liberty.” 

“We definitely do not want to cancel 
any work that we have accepted.” 
O’Shaugnessy continued, “Go ahead and 
work the Shipfitter gang overtime. Be 
sure that you explain to them about the 
importance of the job, and the neces- 
sity for the overtime work. What a dif- 
ference!”, thought O’Shaugnessy, after 
Jones had left, “instead of generalities, 
I’m warned in advance that a problem 
is arising, and so help me, the neces- 
sary decisions are laid before me as 
well!” 

One simple application of industrial 
techniques had made his life easier, and 
his tender a more efficient sea-going 
factory. 
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MAGNETIC AMPLIFIERS 
A RISING STAR IN | 
NAVAL ELECTRONICS 


LIEUTENANT COMMANDER A. M. VINCENT, U. S. NAVY 


THE AUTHOR 


was born in Montevideo, Minnesota. After elementary and high school at Havre, 
Montana, he attended the English Engineering Institute at Riga, Latvia (1921- 
1923) while employed as communication officer for the American Relief Admin- 
istration. Upon disestablishment of this activity in 1923 he joined the U. S. Coast 
& Geodetic Survey, and assisted in the development of electronic applications for 
use in hydrographic depth and position finding equipments. 

Upon declaration of war in 1942 he was transferred from the U.S. C. &G. S. 
to the Navy Department, Bureau of Ships, Washington, D. C. While serving as 
Lieutenant, he attended various Naval training schools in sonar and radar, later 
being assigned duty as Naval representative to the National Defense Research 
Committee, operating under the Office of Scientific Research. 

In 1944 he was transferred to the Philippine Sea Frontier as assistant Elec- 
tronics Officer. In 1945 he was promoted to Lieutenant-Commander, later assigned 
as Electronics Officer to Naval Forces Philippines. 

In 1948 he requested and received permission to revert to inactive duty to 
accept a commission with the State Department in Manila, as Electronics Train- 
ing Officer, for the Republic of the Philippines, under the Rehabilitation program. 

Upon completion of this assignment in 1950, he was recalled to active duty in 
the Navy, and reassigned to the Electronics Design and Development Division of 
the Bureau of Ships. 


INTRODUCTION 


Naval Electronics engineers are be- up in disgust and proceeded to Ger- 


ginning to accept the fact that a com- 
petitor to the electron tube, in the power 
and control field, has not only pene- 
trated their domain but is here to stay. 
When first confronted with this device 
they simply ignored it as being an 
impostor—too slow, cumbersome and 
inefficient to be taken seriously. Even 
when it started to strut in a new cloak 
of self saturation and promoted itself 
to the rank of magnetic amplifier, it 
was still ignored by American Elec- 
tronic engineers. The device finally gave 
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many for physical reconditioning, and 
a post-graduate course in military and 
social education. 

The electrical machinery people early 
visualized the advantages of the device 
as attested by the almost universal ap- 
plication of this static control for rotat- 
ing equipment. 

Electronics engineers are now forced 
to concede recognition of the magnetic 
amplifier, as it has demonstrated its 
value beyond question in many fields 
previously dominated by electron tubes. 
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The significance of this development 
in relation to Naval engineering is bet- 
ter appreciated when it is realized that 
this component is applicable to almost 
everything that rotates or moves on a 
fighting ship—from throttle controls on 
the main engines—to speed, frequency, 
voltage, current and temperature con- 
trols on auxiliary equipment—fire con- 
trol, servo mechanisms, and stabilizers 
for guns, radar and sonar equipment— 


pulse forming, sweep multivibrator cir- 
cuits for radar, loran, and transponder 
equipment, to computers, course and 
speed plotters to verify the results. 

The device is ideally suited to sub- 
marine and aircraft equipment because 
of the extreme voltage fluctuations of 
the prime power sources. Numerous 
countries have contributed to its evo- 
lution. 


HISTORY 


The magnetic amplifier is not new— 
the principles of the saturable core con- 
trol were used in electrical machinery 
as early as 1885 although they were 
not identified as such. 

Saturable core devices have been 
used, principally in heavy electrical 
machinery, in the United States since 
1900. The U. S. Navy has been using 
them to a limited extent mostly as static 
control instruments in rotating equip- 
ment during the past eight years; de- 
velopment beyond this perimeter into 
the electronic field has been retarded in 
the United States primarily due to the 
reluctance of our engineers to experi- 
ment with a new device, especially in 
view of the excellent performances ex- 
perienced with current electron tube 
equipment. 

Many engineers are under the im- 
pression that the Germans invented the 
magnetic amplifier; actually it is an 
American invention. The Germans sim- 
ply took our comparatively crude de- 
vice, improved the efficiency and re- 
sponse time, reduced weight and bulk, 
broadened its field of application, and 
handed it back to us. 

It was mainly the improvement in 
processing magnetic material and the 
introduction of selenium rectifiers that 
led to the wide use of the magnetic 
amplifiers by the Germans. 

The German navy used the device in 
its master gun stabilizers; their air 
force used it in automatic pilot and 


ground approach systems. They also 
used it in servo and frequency control 
systems for long range rockets, blind 


landing aids, and to regulate the fuel 


flow in relation to atmospheric and 
ram pressure in some types of guided 
missiles. They also applied the device 
as cathode followers, replacing electron 
tubes in computer circuits. The German 
army had started to apply it to the V-2 
rocket stabilizer and steering system. 

German civil interests were also quick 
to visualize the advantages of this de- 
vice. They had started to apply it to 
computing machines, electric brakes for 
trucks and locomotives, high voltage 
power lines (controlling up to 50,000 
KVA), a-c streetcar controls and other 
miscellaneous uses. 

The fact that the Germans introduced 
the device into fields previously domi- 
nated by electron tubes is considered 
by many to be of as great importance 
as the technical development of the 
device. 

Although Germany is unquestionably 
responsible for the rebirth of the mag- 
netic amplifier, other countries (espe- 
cially the United States) held a con- 
siderably greater number of patents on 
this device. The efforts of~Sweden, 
England, and Japan were ‘also consid- 
erable. 

The reason for the Nazis assigning 
their best scientists and expending mil- 
lions on its development in the midst 
of a bitter war has never been definitely 
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determined. There was no shortage of 
electron tubes ; performance of the tube- 
controlled equipment certainly was not 
improved by the substitution of this 
device. 

Considering the above, the motive 
warranting such expenditures appears 
to have been an acute shortage of field 
electronics technical personnel, making 
a dependable, maintenance free device 
mandatory wherever possible. 


The performance of the magnetic 
amplifiers obviously must have equaled 


that of the electron tube circuits as 
these devices were used in some very 
critical applications, such as stabilizers, 
servos, and fire control equipment in 
their finest fighting ships. 


. It was during the last war that the 
U. S. Navy started to exploit the device 
for purposes other than power regu- 
lators. Development contracts have 
now expanded into the high speed range 
of digital computers and pulse forming, 
memory and scanning applications in 
radio, radar and sonar equipment. 


FUNDAMENTALS 


A magnetic amplifier is simply an- 
other type of control valve. A valve in 
a water line can be considered an am- 
plifier, if a small stream of water oper- 
ates a larger valve in the main line. 


Electrically the device can be com- 
pared somewhat to that of an electron 
tube, in that the grid of the tube con- 
trols a relatively large amount of plate 
power. In a M/A, power is varied, 
like the water valve and the tube, by 
inserting the device in series with the 
load to be controlled. Control is then 
accomplished by varying this imped- 
ance, which increases or decreases the 
power to the load. The impedance to 
the flow of AC is effected by changing 
the degree of saturation with a rela- 
tively small amount of DC, or properly 
phased AC, through a separate winding 
on the same core. An unsaturated core 
has a relatively high impedance to AC. 
A saturated core acts effectively as an 
air core, with practically no impedance 
except for the ohmic resistance of the 
copper wire. 


Figure 1 illustrates the principle of 
operation. With the core. completely 
within the coil the impedance to the 
flow of current is high—permitting pos- 
sibly only a fraction of a volt to appear 
across the load. Pulling the core out 
causes this load voltage to rise pro- 
gressively to practically 115. In effect 


Output 

Load 
Power 
Increase 


this is the operating principle of a mag- 
netic amplifier. Since it took only a 
few watts of muscular energy to move 
the core within the coil, which may in 
turn control several horsepower, the de- 
vice is an amplifier. Since this is done 
magnetically, the device is called a mag- 
netic amplifier. 


Technically, it may be decribed as 
essentially a device which controls the 
a-c reactance of a coil by controlling 
the effective permeability of the mag- 
netic material upon which the coil is 
wound. 


Although the sketch in Figure 1 is 
drawn primarily to illustrate the prin- 
ciples of operation, there are many ap- 
plications still in use utilizing the 
mechanical system. The principle of 
control is the same; the action, how- 
ever, does not completely fulfill the 
description in the previous paragraph 
“controlling the effective permeability 
of the magnetic material” since iron in 
this instance is actually replaced by 
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air. In modern applications the core 
is stationary; its impeding effects to 
a-c power is changed by varying the 
saturation of the iron core. This not 
only simplifies the installation but per- 
mits a much higher speed of response 
and considerably widens the range of 
applications. 


Figure 2(a) is the basic circuit of 
the saturable control. The secondary 
or load winding impedance is controlled 
by the amount of current flowing in the 
primary or control winding. This would 
be a relatively inefficient amplifier be- 
cause the control winding ampere turns 
must be equal to the load A/T plus 
sufficient A/T to saturate the core. 


In Figure 2(b) a rectifier is inserted 
in series with the load. This results in 
unidirectional load current which assists 
the control winding in saturation. Con- 
siderably less control power is now re- 
quired, making the device highly com- 
petetive with other types of amplifiers. 
Since the control power is now less 
than the power controlled, the device 
becomes a high-gain amplifier; more 
specifically an internal self saturable 
magnetic amplifier. 


Although Figure 2(b) has been de- 
veloped into a high gain amplifier, it 
is still deficient in. respects, 
namely : 


1. The device as shown would act as 
a step up transformer in reference to 
the load power, and generate power 
into the control winding. This would 


MAGNETIC AMPLIFIER 
Fig. 2(b) 


not only be undesirable but would re- 
sult in a considerable waste of power. 

2. Due to the single rectifier, only 
an inefficient pulsating DC load power 
would result. 

Figure 3 shows a more practical de- 
sign. (To simplify the sketches, cores 
will be taken for granted, control wind- 
ings will be represented by a single 
turn.) With two load coils they can 
be wound opposed, neutralizing any 
transformer effect into the control coil. 
The two power coils also permit utili- 
zation of both sides of the alternating 
current, resulting in good wave form 
and efficiency. Figure 3(a) is the basic 
amplifier for AC loads. With the addi- 
tion of two rectifiers, (3b), the device 
generates and controls a DC load from 
an AC supply. Three-legged cores, with 
the control coil wound on the center 
leg, and power coils on outside, are 
usually used with the above circuits in 
power control applications. 


BASIC CIRCUITS 


input 
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DC 
load 
AC 
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AC AC oJ 
line 
Fig. 3(a) Fig. 3(b) 
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COMPOUND CONTROLS 

Ac 
load 

© AC o— 

Fig. 4(a) 

> 

Spc 
2 load 


AC o 


Line 
Fig. 4(b) 


Figures 4(a) and 4(b) show further 
developments with the addition of feed 
back. These are ‘identified as external 
feedback. Gains up to several million 
per stage have been obtained with these 
circuits. 


Figure 5(a) is a sketch drawn orig- 
inally for school purposes showing how 
this amplifier can be used without the 
load power passing through a rectifier ; 
(b) applied to variable speed reversing 
motor. 


> Ac 
AC 
Line 
Fig. 5(a) 
control 
| 
Fields 
ac 
Line 
Fig. 5(b) 


Figure 6 contains schematics show- 
ing applications to training schemes in 
servo systems. (a) is a sketch of a 
servo system utilizing magnetic ampli- 
fiers to replace an amplidyne. (b) shows 
a standard thryatron training control 
drive. (c) the same circuit modified 
for magnetic amplification. The thyra- 
tron conversion is relatively simple as 
most of the components designed for 
this tube will also match the magnetic 
amplifier. This conversion can almost 
be simplified to the extent of providing 
a rectifier adopter to plug into the 
thyratron tube sockets. 
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With Thyratron Control 
Fig. 6(b) 


Line 


Magnetic Amp. Conversion 
Fig. 6(c) 


Figure 7(a) illustrates the principle 
of applying the magnetic amplifier to 
frequency and voltage controls of rotat- 
ing generators. The control coils in the 
DC drive motor fields are actuated by 
two tuned circuits resonated at 55 and 
65 cycles. The lower frequency coil is 
wound opposed to increase the speed 
of the motor. The 65 cycle coil is 
wound aiding to increase the DC field 
current. The reaction of the two cur- 
rents maintain a constant 60 cycle out- 


Figure 7(b) shows the device ap- 


plied externally to transformer regula- 
tion. The component X across coil #1 
indicates a non linear device, (VR 
tube, Thyrite Etc.) used as a combined 
reference voltage across coil #1, and 
a current amplifier for coil #2. Two 
element non-linear devices are shown 
for simplicity. When a-c is used as a 
voltage reference, a small saturable re- 
actor is used for a non-linear device— 
usually in a bridge connection. 

Control coils 1 and 2 may also be 
applied to choke (L) which would 
effectively transfer the filter condenser 
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VOLTAGE REGULATORS 


60% 


Voltage Control 


— 


MOTOR-GENERATOR. Voltage & frequency regulated by magnetic 
Fig. 7(a) 


amplifier, 


(C) to the other side of the choke upon 
saturation. The condenser input effect 
would result in good plate voltage regu- 
lation, with Fil. unregulated. 

Figure 7(c) shows a regulator de- 
signed integral with the equipment 
transformer. This system is used in a 
special 440 cycle type of aviation radar 
equipment, and for portable installa- 
tions where light weight is desired. In- 
sert shows the core arrangement. The 
above circuits are shown to demonstrate 
the theory of operation. Other circuits 
may have superior operating charac- 
teristics. 

The significance of constant voltage 
is appreciated when it is realized that 
an estimated 80% of all electronic fail- 


ures can be directly traced to tube or 
condenser failures—this does not in- 
clude transformer, choke and resistance 
failures which can usually be traced to 
overloads occurring during these fail- 
ures, 
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P 


Fig. 7(c) 


“Tubes are listed as the greatest sin- 
gle cause of electronics failures. Cath- 
odes or filaments have an optimum tem- 
perature of operation. The incident of 
failure rises rapidly as temperature is 
exceeded. Not much data exists on the 
effect of under temperature operation. 
It is known that although the latter 
condition is not as serious as the other, 
it does shorten tube life. It is desirable 
to run the heaters at normal ratings 
from regulated power supplies when 
long stable service is required of 
tubes.” * Life tests on tubes operated 
on above'normal voltages are not avail- 
able; however, life tests on incandes- 
cent electric lights. show that the life 
of the filament is reduced 50% when 
operating on a voltage only 7% above 
normal.** 

In electton tubes a rise in line volt- 
age also causes an increase in plate 
current which adds to the abuse of the 
already overheated filament or cathode. 
The additional heat generated by the 
tube and other components within the 


** Chapter 2 NAVSHIPS—250-660 


* Stanford Research Institute Terminal Report—1 June 1950 


910 


equipment compartment cause the am- 
bient temperature to rise which also 
contributes somewhat towards acceler- 
ated equipment failures. 

Another point often overlooked is that 
once the tubes have been operated un- 
der accelerated conditions their per- 
formance is considerably reduced when 
returned to normal operating voltages. 

Military equipment is designed to 
operate at + 10% of a specified volt- 
age. The service free life however is 
reduced considerably when operating 
in the upper voltage range. 

Normally the larger naval vessels 
have excellent voltage regulation. This 
voltage however is maintained to: the 
trunk lines; the branch lines due to 
intermittent loads are difficult to regu- 
late. This results in accumulated equip- 
ment strains, eventually ending in com- 
plete failure. - 

Several manufacturers can supply 
automatic voltage regulators as compo- 
nents to be inserted between the line 
and equipment. These are rather large, 
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This plate shows a 60 cycle plug- 


in push-pull magnetic amplifier complete with 
rectifiers. 0.0IV/A (GE.Co.). Insert compares 1.55 MC Coil size to Pencil 
(ERA St. Paul). 
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with low efficiency and are somewhat 
sensitive to frequency, as most of them 
operate on the resonance saturation 
principle. Regulators should be built in 


the power transformer rather than sup- 


plied as a separate component. They 
should be made mandatory for all equip- 


ment where interruptions due to failure ° 


may be serious. 


Aupi1o FREQUENCY AMPLIFIERS 


From an electronics angle, perhaps 
an analogy between a tube and a mag- 
netic amplifier should be made. 

Any attempt to analyze the magnetic 
amplifier in direct relation to a tube 
requires that certain assumptions be 
made, as this amplifier differs consid- 
erably from the electron tube type. 
However, since the input saturation 
control voltage vs. load current can be 
made to follow almost precisely that of 
a tube, a theoretical analysis can be 
made on the straight portion of the 
curve. 


Figures 8(a) and (b) are sketches of 
a tube and magnetic amplifier; (c) is 
a magnetic saturation vs. impedance 
curve of a typical magnetic amplifier. 
Since this curve almost duplicates that 
of certain type tubes, operating char- 
acteristics of both can be plotted on the 


INPUT 


AC 
Btas 0 Supply 


TUBE AMPLIFIER 


Fig. 8(a) 


same curve. For a fair comparison the 
“Plate” supply of both amplifiers must 
be AC, as a magnetic amplifier will not 
control DC. If this amplifier is to be 
used to amplify audio frequencies the 
supply frequency should be above au- 
dibility. Since both amplifiers are 
single ended, they must be operated as 
class “A,” half way up the slope, as 
shown in curve (c), point (a). 


These amplifiers working as class 
“A” would not only be inefficient, but 
provisions would have to be made to 
separate the carrier from the voice fre- 
quencies; consequently they are usually 
operated as push pull class A/B. With 
this connection the carrier can be 
point (b) biased out, as shown by 
Fig. 8(d). With P/P connection the 
“plate” supply pulses are also 
doubled and practically cancelled out. 


Bias 
AC 
Supply © 
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Fig. 8(b) 
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RELATIVE OUTPUT 


CLASS ‘‘A”’ SINGLE 
Fig. 8(c) 


_ Figures 9(a) and 9(b) show basic 
sketches of more practical push pull 
amplifiers. These amplifiers have been 
built with power outputs up to .500 
watts, with excellent linearcy up to 
7000 cycles. 


According to two British investiga- 
gators (Williams/Noble—IEE, 50— 
See Bib.), it is possible to amplify con- 
trol signals of ten to the minus 18 watts 
at a bandwidth of 10 cps in a special 
magnetic amplifier having a basic limi- 
tation of 4 x 10 to the minus 20 watt 
due to thermal noise. Barkhausen ef- 


CLASS “‘B”’ PUSH PULL 
Fig. 8(d) 


fects in the same magnetic amplifier are 
equivalent to a signal input of 10 to 
the minus 19 watts for a bandwidth of 
l-cps. Drift is the major limiting factor 
in low input applications. 


Bias 
Mod, 
Mike 


OAC 
Line 
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ELECTRONICS 


Magnetic Amplifiers are relatively 
new to electronic engineers, perhaps 
because until recently, the response time 
of the device has been too long to be 
considered for many electronics appli- 
cations. 

Recent developments in core material 
and application techniques have ele- 
vated the device to a more competitive 
position with electron tubes. Amplifiers 
now have been developed to respond to 
frequencies up to the megacycle range. 

Circuits for wave shaping, gating, 
counting, and for pulse generators and 
pulse amplifiers have been designed to 
handle pulses up to 500,000 per second. 

Magnetic flip flop combinations are 
also used as frequency discriminators, 
band pass switches, sharp cut-off filters, 
and more recently promising results 
have been obtained towards ceveloping 
sine wave HF oscillator. 

Flip flop combinations are also being 
developed into square wave, one shot 
and free running multivibrators. A ba- 
sic flip flop circuit is shown in Fig. 11. 
' The oscillograph patterns, Fig. 10 
indicate that the device can be used for 
many HF applications heretofore domi- 
nated by electron tubes. 

One commercial radio firm con- 
structed a complete broadcast receiver 
using the magnetic amplifier for the 
RF-IF and audio system, with a ger- 
manium crystal transistor for the oscil- 
lator; crystals were used for detectors. 
A static magnetic converter was used 
as a frequency multiplier power sup- 
ply. This broadcast receiver, it is under- 
stood, was constructed primarily for 
publicity purposes to show that a rela- 
tively intricate electronic device could 
be made without the use of electron 
tubes. 

Aviation interests are now consider- 
ing placing contracts on a loran 
receiver-indicator completely actuated 
by magnetic amplifiers except for the 
scope and oscillator tube. It is planned 


to design the oscillator with sufficient 
capacity to act as a combined heterv- 
dyne and HF power supply to actuate 
the magnetic amplifier circuits. This 
will reduce the present tube comple- 
ment from 32 to 2—one of which is 
the “picture” tube. 

The weakness in the HF application 
field is development and application 
“know how.” There are many firms 
that specialize in magnetic amplifier de- 
sign and development for electrical ma- 
chinery such as controls, regulators, 
servo applications up to audio frequency 
amplifiers. However, very few of these 
firms are qualified in HF techniques 
as used in electronics equipment. The 
electrical machinery firms probably 
would take the contracts and subcon- 
tract the engineering to the electronic 
manufacturers. 

This has been one of the main fac- 
tors retarding the development of mag- 
netic amplifiers to HF work in the past. 
Magnetic amplifier electrical firms are 
not capable of applying this amplifier 
to the best advantage in HF applica- 
tions. Therefore, it appears desirable 
that electronic equipment manufacturers 
be given these contracts without restric- 
tions—to either subcontract for the 
magnetic components or develop the 
hybrid coils themselves. 

Those companies who have been 
prominent in both the electronics equip- 
ment and the magnetic amplifier field 
should be favored for initial contracts 
in order to accelerate applications. 

Physical and electrical characteristics 
of the magnetic component will be en- 
tirely different after modifications for 
HF—probably not even recognized by 
the machinery amplifier firms. HF ap- 
plications require extremely thin core 
laminations, anti-capacity windings, etc., 
that are not found in present produc- 
tion units. 

Following are some of the core char- 
acteristics desirable for HF applica- 
tions. 
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1, Pulse Repetition Rate = 2000 pps. Scale 1:1 Scale 10;1 
(Time between pulses = 500 u sec.) +.01V 


Input Pulses: 


inum amplitude required to set - 01V 
Flip Flop. Increased Pulse ampli- 
tude is required at higher rates. 


500 u sec. 


RF Envelope: 
(RF = 1.42 Mc.) 


2. Pulse Repetition Rate = 20,000 pps. 
(Time between pulses = 50 u sec.) 


Input Pulses: 


50 u sec, 


RF Envelope: 
(RF = 1,32 Mc.) 


3, Pulse Repetion Rate = 200,000 pps. 


(Time between pulses =5 u sec.) 


Input Pulses: 


RF Envelope: 
(RF - 1.4 Mc.) 


4, Pulse Repetition Rate = 400,000 pps. 
(Time between pulses = 2.5 u sec Af 


Input Pulses: 


2.5 u sec, 


RF Envelope: 
(RF = 1.5 Mc.) 6v 


FIGURE 10 - MAGNETIC FLIP FLOPS DRIVEN AT HIGH RATES 
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WINDING NUMBER: 
NUMBER OF TURNS: 100) 550 50 100 165 


Cblocking 
Olpt 
Demodulate GATE RLoad Gate 
Input 
x 10K “ Pulses 
o 
[ 
-3V 
Bias 
Gate Output 


(Gated Pulses) 


FIGURE 11 -CRYSTAL DIODE PULSE GATE CONTROLLED BY MAGNETIC 
FLIP FLOP 
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‘ The core must be easily saturable. 


, 2. Eddy current effects must be ata 
minimum. 


3. Hysteresis losses must be sai 


4. The physical mass of the core must 
be small. 


5. The effective 4 of 


core must be low. Hig 


The oscillograph patterns of ‘ig. 10 
were made from the output of Fig. 11 
which contained a core made of 4-79 
molybdenum permalloy tape % mil 
thick and 342 inch wide. The core had 
an inside diameter of % inch and 
weighed 20 milligrams; the ratio of 
inductance from zero to maximum sat- 
uration was 4+:1—(80 to 20 uh). The 
RF anode power supply consisted of a 
single tube oscillator supplying each 
magnetic stage with about MA at 
20 volts. The excitation voltage of 
course varied with signal input. 


The above information together with 
the oscillograph pattern Fig. °10 and 
Fig. 11 was obtained from a»BuShips 
contract report as furnished by Engi- 
neering Research Associates, Inc., St. 
Paul, on saturable-core reactors as digi- 
tal computer elements. This contract 
was completed 17 June 1949. 


This research indicates that conven- 
tional rolled core material can be used 
for frequencies up to possibly a mega- 
cycle with fair efficiency. Beyond this 
range preliminary investigations indi- 
cate that composite iron or related 
magnetic material such as powdered 
iron or ferrites may be superior. 


Powdered iron cores similar to those 
used in conventional RF tube circuitry 
are not suitable for efficient magnetic 
amplification. 


In powdered iron cores, the desirable 
high volume resistivity is achieved by 
bonding fine metal particles in some 
form of organic binder. This reduces 
the permeability and leaves the core 
full of air gaps which is undesirable 
from the standpoint of efficient satu- 
ration required for magnetic amplifiers. 


The deficiencies of the powdered iron 
core, however, can be ignored in certain 
circuitry in connection with magnetic 
amplification such as impedance match- 
ing coils and other specialized applica- 


tions where amplification is less im- 


portant. In one instance these cores 
were used in coils where a high “Q” 


‘was important for “selectivity which 


could not be achieved with the other 
material. 


Magnetic ferrites show interesting 
properties as magnetic core material; 
consisting only of metallic oxides, this 
material has a high volume resistivity 
and high permeability; but low losses, 
inaking for reduction in size and weight 
in HF circuitry. 


Ferrites, unlike powdered iron, contain 
no metallic particles but consist only of 
metal oxides; any organic material that 
would act as air gaps would be fired out 
during the 2300° pro¢essing tempera- 
ture. It is this structure which is re- 
sponsible for the main advantage of 
ferrites over powdered metal core ma- 
terials in HF circuits. 


Ferrites, with their natural high spe- 
cific resistance do not have to be pow- 
dered and suspended. Therefore, the 
permeability is not diluted, resulting in 
a maximum permeability of around 
1000 compared to 100 in powdered iron 
rings. 


Ferrites have found applications in 
horizontal sweep transformers of tele- 
vision sets, RF high voltage power sup- 
plies—deflection yokes for TV receivers, 
tuning stugs for RF coils, core mate- 
rial for FM oscillators, high “Q” core 
assemblies, etc. Ferrites, incidentally, 
are also being used as delay lines for 
pulsed video and supersonic signals and 
as transducers at sonic and supersonic 
frequencies. Fig. 12(a) shows ferramic 
core forms; 12(b) hysteresis loops. 
12(c) shows a comparison between a 
magnetic and a tube amplifier—these 
are single stage RF computer compo- 
nents designed by Transducer Corp. 
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and C-shaped transformer cores were pressed. The rod, which is 
20 in. long and 3/8 in. diam, was extruded. A spiral inductor was 
printed directly onto the ferrite disk, illustrating the high spe- 
cific resistance of this material. 


PERRAMIC 34, TYPE A 


PERRAMIC 90, TYPE 


- 


FERRAMIC 156, TYPE C 


PERRAMIC 146, TYPE D 


PERRAMIC 141, TYPE E 


Fig. 12 (b) - Oscillogram traces of hysteresis loops of five types 


of ferrites. 


Very little definite information has 
been obtained on special HF core mate- 
rial—whether ferrites or some other 
composition is best suited for high fre- 
quency magnetic amplifier cores has not 
been determined. 

Most of the above material on fer- 
rites was furnished by General Cera- 
mics & Steatite Corp. which was sup- 
ported in part by U. S. Signal Corps. 

If sufficient emphasis is put on these 
applications of the magnetic amplifier 


the program need not be a long term 
one. The prospects of much greater 
reliability and simplification of elec- 
tronic equipment which appear to be 
immediately available should not be 
ignored. 


In addition, recent developments in 
transistors and dielectric amplifiers of- 
fer possibilities of using a combination 
of all three devices to eliminate all 
tubes except those used for visual dis- 
plays. 


ADDENDA (ELECTRONICS) 


Since very little data was available 
on the relative merits of ferrites over 
steel cores when used as amplifiers at 
high frequencies, Mr. Miles of Engi- 


neering Research Associates kindly con- 

sented to make an exploratory test. 
Figure 12d is an oscillogram, show- 

ing relative response of both materials 
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Virtually trouble-proof magnetic binaries (left) designed 
by Transducer Corporation can replace up to 90 per cent 
of the delicate vacuum tubes (right) in certain 

Pig. 12(e) digital computers. 


at 2 Mc. The patterns are self-explana- 
tory. 

The relationship of ‘effective incre- 
mental permeability’ to control (or 
bias) mmf is pertinent to the design 
of magnetic amplifiers. ( Effective in- 
cremental permeability is defined as that 
ratio AB/AH achieved at the specified 
operating frequency at which AH is 
cyclically varied, the alternating mag- 
netic field operating in conjunction with 
a specified constant biasing field to 
cause an alternating magnetic induc- 
tion, AB). The accompanying ‘butter- 
fly’ curves display such data for identi- 
cal excitation conditions where the 
excitation (AH) frequency is 2 Mc. 

It is desirable, for sensitive magnetic 
amplifiers, that a maximum change in 
effective incremental permeability be 
achievable in response to a minute 
change in control mmf. Therefore, the 
core having the maximum absolute slope 
in its butterfly characteristics will be 
best for use in such a magnetic ampli- 
fier. By observation of the accompany- 


ing butterfly curves, and by taking into 
account the scale-factors, the relative 
merits of the two described cores may 
be observed. It will be seen that, at 
2 Mc, the % mil thick metallic ribbon 
core (Moly-Permalloy) is_ radically 
superior to the ferrite core (Ferroxcube 
HiMu IV-B) when judged according 
to the above stated criterion. 


This is, however, not necessarily con- 
clusive as ferrites can be mixed, treated, 
or even grown as a single crystal, for 
specific reactions. The ferrite core used 
in this test was a representative pro- 
duction type designed for universal 
applications. 


COMPARATIVE EFFECTIVE INCREMENTAL DATA 
FOR SUPERLATIVE HIGH-FREQUENCY 
(Wanufactured 1950-1951) 


ICO MOLYBDENUM-PERMALLOY CORE 
1/8 mil thick laminations 
2 Me excitation 


Incremental Permeabilit; 


‘83 units/small division 


BIAS Mir 
0.17 Oersteds/small division 


FERROXCUSE HI-MU IV-B CORE 
2 Mc excitation 


Incremental Permeability 


27 units/small division 


BIAS WF 
0.17 Oersteds/small division 
* Note different scale factors on the two oscillograms. 


Fig. 12(4) 
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Figure 13 shows a basic sketch of a 
-rather interesting M/A development re- 
cently disclosed by Dr. Robert A. 


’ -Ramey of Naval Research Lab. 


This approach to the M/A problem 
has resulted from the recognition that 
‘the amplifier is a voltage sensitive de- 
vice, and not as generally believed a 
current sensitive device. The only truly 
independent variable is the control volt- 
age. 

The remarkable fact that the time of 
response of this series amplifier does 
not depend upon the inductance of the 
transformers as reactors seems to be 
‘adequately shown by analysis. 


A preliminary review indicates that 


this amplifier has the following advan- 
tages. 

1. Response time is constant, inde- 
pendent of gain. (Always less than 1 
cycle of supply frequency. ) 

2. Lighter and smaller for the same 
power output. 

3. The output is a linear function of 
the control voltage. 

4. Greater power sensitivity ; the con- 
trol source need not supply power to 
the amplifier control. Power is ab- 
sorbed instead. 

5. Relatively independent of varia- 
tions in supply voltages. 

6. Single core reactors may be used 
with little reaction into the control 
winding. 


NEW DEVELOPMENT 


input 
(control) 


+ 
Aco 


Fig. 13 


Note: This circuit has not as yet been evaluated by BuShips Engineers. 


GENERAL COMMENTS 


The emphasis on magnetic amplifiers 
should be directed towards definite ap- 
plications in electronic equipment to 
increase reliability where this can be 
accomplished without an overall reduc- 
tion in operational performance. 


The unreliability of current electronic 
equipment is a very serious problem 
and evidence exists that the electron 


tube is the largest single factor in 
equipment failures. The following quo- 
tations are of interest regarding the 
reliability of electronic equipment, in 
particular the electron tube. 


“For military services two factors are 
of extreme importance. (1) an over- 
whelming problem of equipment main- 
tenance; and (2) an almost insuper- 
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able demand on production facilities of 
the manufacturers in the event of total 
mobilization, making replacement of 
components and (or) equipment due to 
failures a serious problem. Any pre- 
ventative measures taken now will re- 
sult in high dividends during an emer- 
gency and for years to come.” * 

“The developing complexity of elec- 
tronic circuits, such as radars and son- 
ars, make the tube problem a serious 
one. Data gathered for this study indi- 
cate that in equipments using components 
which meet military specifications or 
best commercial grades, the electron 
tube accounts for more than 50% of 
circuit failures. 

“In one case an analysis on service 
calls over an eight week period showed 
that 72% of the breakdowns were due 
to tube failures. 


“In Commercial Aircraft electronic 


. ONR Monthly Research Report 1/50 


** Stanford Research Inst. Terminal Report 11/50 


equipment it is reported that 70% of 
equipment failures are due to tube 
faults, even though the tubes are rug- 
gedized units whose average life has 
been improved by a factor of more than 
24 over the standard commercial types. 
“With an increasing number of tubes 
used, and greater reliability of other 
components, the reliability of the equip- 
ment becomes more and more the reli- 
ability of the electron tube itself.” ** 
The application of magnetic ampli- 
fiers to RF and other high speed wave 
forming circuitry are not considered as 
feasible of accomplishment within the 
immediate future. These applications 
will require long range developments. 
The applications based on the uses 
outlined in this article have had con- 
siderable development both in this coun- 
try and abroad and therefore should be 
considered first for specjal applications. 


MAGNETIC AMPLIFIERS 
APPLICATIONS 


(The following list of magnetic am- 
plifier applications was originally sub- 
mitted as an enclosure to a Bureau of 
Ships, Electronic Design & Develop- 
ment memorandum dated 11 October 
1950.) 

“Applications of the Magnetic Am- 
plifier” are listed as follows: 

a. AMPLIFIERS—AC or DC for 
current voltage and power. Example: 
Low level DC applications: Thermo- 
couple and photocell amplifier to direct- 
ly operate motors and controllers. Am- 
plification gains of several million can 
be realized without the use of electronic 
tubes but with rather long time con- 
stants. This is an excellent DC Am- 
plifier. This amplifier is not subject 
to drift difficulties often encountered in 
electron tube installations. 


b. REGULATORS—(most common 
use) control of voltage, current and 
frequency of industrial power installa- 
tions, ship main propulsion and auxili- 
ary units, aircraft automotive electrical 
equipment, line to line voltage regula- 
tors independent of frequency. (Regu- 
lating applications have been thoroughly 
proven and should be considered for 
all auxiliary generators supplying pow- 
er to electronic equipment—a large por- 
tion of electronic equipment failure can 
be attributed to poorly regulated power 
supplies. ) 


c. RELAY S—Locking including nor- 
mally closed, open or frequency sensi- 
tive relays. (The substitution of these 
units for mechanical relays should be 
considered for equipment used in the 
tropics, where contact and mechanical 
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difficulties are encountered due to hu- 
midity and fungus, as they contain no 
contacts and moving parts and can be 
completely sealed. ) 

d. SATURABLE REACTOR— 
Lighting control, variable impedance, 
etc. Single units are currently used to 
control up to 50,000 KVA. 

e. MOTOR STARTERS, ELEC- 
TRICAL WELDING AND AUTO- 
MATIC BATTERY CHARGING 
CONTROL—The effectiveness and 
sensitivity of regulating controls are 
considerably increased by the addition 
of a non-linear ‘device such as a THY- 
RITE or glow tube which can be con- 
nected to effectively amplify the error 
or act as a reference source themselves. 

f. CURRENT LIMITING REAC- 
TORS—Limiting power currents dur- 
ing short circuits. Limiting armature 
currents during slow motion or static 
conditions in follow-up motors. 

g. SERVO SYSTEMS — Complete, 
utilizing magnetic amplifiers as regula- 
tors, converters, computers, and as a 
complete replacement for thyration and 
a rotary magnetic amplifier (ampli- 
dyne) system, at less cost and weight. 

h. INSTRUMENT AMPLIFIERS 
—Remote control, etc. 

i. SYNCHRONIZER— For _auto- 
matic pulse and frequency control. 

j. DIFFERENTIATING SYS- 
TEMS—for course plotters and pre- 
dictors. (Example: Direct integration 
from DECCA, RAYDIST LORAC 
and RADUK-II phase comparison me- 
ters to graphic course plotters) constant 
speed controls for Surveying, Wire 
Drag, Mine Laying, Convoys, etc. 

k. AUTOMATIC STABILIZERS 
& PILOTS—For submarine and air- 
craft. (AC power supply systems for 
aircrafts are well established making 
saturable reactor control extremely at- 
tractive. ) 

1. IMPULSE STORING AND 
MEMORY DEVICES. 

m. TIMERS—Timing pulse genera- 
tor for radar and loran equipment— 


Wave shaping, etc. (currently produced 
with frequency range between 25 cycles 
and 1 MC.). 

n. ELECTRICAL COMPUTERS— 
Add—subtract—multiply —divide—dif- 
ferentiate—or integrate electrical quan- 
tities. 

o. CONVERTERS—DC to AC— 
AC to DC—dAnother method of con- 
verting DC to AC at both 60 and 400 
cycles for the electronic equipment on 
auxiliary vessels equipped with DC 
main generators. Rotary converters and 
motor generators on any vessel have 
always been a maintenance problem. 
This application is still under develop- 
ment. 


p. OSCILLATORS—Within limited 
frequency range. 


PHASE SHIFTERS—Reactance 
control to % cycle—currently used as 
phase shifters in grid control of mer- 
cury arc rectifiers—and pulse delay 
matching circuits in radar equipment. 


r. FUEL PUMP REACTOR 
DRIVES—(In location -where relay 
starting and controls contacts sparks 
could cause an explosion). 


s. MODULATORS—Voice frequen- 
cy modulators and RF carrier trigger 
circuits. Frequency shift keyers, etc. 


t. FREQUENCY MULTIPLIERS 
AND REDUCERS—Including tele- 
phone tone and ringing circuits up to 
RF. In one type of frequency multi- 
plier a direct current flux is added to 
cause operation of the unit at the most 
efficient point for the generation of the 
desired harmonic. Another static type 
recently developed to convert 60 cycles 
to 420 has an efficiency of 60% with a 
considerable reduction in weight over 
comparable rotating equipment. 

u. SEISMOGRAPH AND MAG- 
NETOMETER AMPLIFIERS — tide 
gauge, anticipator, audio gain sequence 
circuits.—Drift difficulties often encoun- 
tered in these applications are usually 
reduced when this device is substituted 
for tube amplifiers. 
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v. MULTIVIBRATORS—One shot 
and free running square wave genera- 
tors. 

w. SWEEP GENERATOR—Trig- 
ger and pulse forming circuits for Ra- 
dar and Loran equipment. 

x. COUNTER AND DIVIDERS— 
For loran, shoran and radar indicators. 

y. MINE AND SUBMARINE DE- 
TECTORS. 

z. FIELD CONTROL FOR MAG- 
NETIC FLUID CLUTCHES, AND 


MAGNETIC AMPLIFIERS 


MAGNETIC POWDER BRAKES— 


One manufacturer has replaced the 
regular DC charging generator on an 
experimental bus with a 400 cycle AC 
unit. The generator voltage is mag- 
netic amplifier controlled to plus or 
minus 2% from idling to full speed. 
Magnetic amplifiers are then used to 
obtain optimum battery charging rates, 
and as remote controls for the powdered 
iron brakes, clutch and miscellaneous 
auxiliary equipment, including RF igni- 
tion systems. 


ADVANTAGES 


The Magnetic Amplifier has several 
advantages for electronics which are 
as follows: 

a. They contain no moving parts. 
Maintenance of the unit without recti- 
fiers is comparable to that of a con- 
ventional transformer. With rectifiers 
the life is governed by the type of rec- 
tifiers used—conventional radar ger- 
manium crystal rectifiers are used in 
the low powered units—dry disc in the 
larger units. These rectifiers are con- 
servatively rated at 60,000 hours for 
full power operation. 

b. RUGGEDNESS — Shock | resist- 

ance equivalent to that of a transformer 
of similar size. 
c. STABILITY—Less affected by var- 
iations in power supply voltage fluctua- 
tions in that there is no cathode emis- 
sion change with filament temperature, 
(in low input and HF applications con- 
stant anode voltages are important). 
Unbalanced effects in balanced circuits 
due to cathode emission changes are 
practically eliminated because of the 
inherent stability of a rectifier compared 
to a hot cathode. 

d. OVERLOADING—A Magnetic 
Amplifier can carry overloads equal to 
an equivalent transformer. 

e. ENVIRONMENTAL — Can be 
hermetically sealed and inconspicuously 
built in as part-of the equipment. Nor- 


mally requires no ventilation and can 
be installed in compartments with com- 
bustible material. 


f. HIGH GAIN — Power gain per 
stage is comparable to that of a vacuum 
tube stage. They can be cascaded al- 
most to any power gain. The efficiency 
is also greater. 

g. CIRCUIT ISOLATION — The 
inputs and outputs are electrically iso- 
lated. 


h. SAFETY — Can be safely oper- 
ated in enclosed areas where starting 
relays and control contact sparks could 
cause an explosion. 


i. ADAPTABILITY—These ampli- 
fiers can be built with special shaped 
cores for mosaic installations in con- 
fined spaces. Amplifier gains can be 
changed simply by adjusting the DC 
fields. Gain control leads are less af- 
fected by stray RF pickup noises often 
encountered with high resistance high 
voltage components necessary in equiv- 
alent electron tube circuits. Separate 
low impedance gain windings may be 
added to the core if isolation is re- 
quired; (permanent magnets with ad- 
justable air gaps, may in certain appli- 
cations be used to set fixed gain). 
Separate windings may also be used to 
introduce feed back, either positive or 
negative to obtain increased amplifica- 
tion or degeneration to improve the 
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trequency response. In addition to the 
above, separate windings have been 
added to superimpose independently 
varying signals in either phase relation 
or amplitude or both for specific pur- 
poses. 

j. These amplifiers are also excellent 
devices to use in conjunction with elec- 
tron tubes for many applications. Tube 


controlled core saturation can be ap- 
plied to many existing electron tube 
installations with a resultant increase 
in stability operating range and over- 
load protection. 

k. READINESS—They require no 
warm-up time. Example—Gun control 
units would not have to be kept con- 
tinuously energized for instant use. 


DISADVANTAGES 


Although this amplifier has advan- 
tages as given in paragraph 2 it also 
has disadvantages and these are listed 
below : 


a. TIME CONSTANT—In general. 
the time constant is long compared to 
that of vacuum tubes and short com- 
pared to  electro-mechanical devices. 
Current servo production units have a 
lag of one cycle of exciting frequency. 
Pulse trigger circuits are being de- 
signed with lags of less than one micro- 
second with a HF Power source. 
Actually, it may be possible with mod- 
ern materials and techniques to obtain 
time constants in most cases, compara- 
ble with those of vacuum tube circuits, 
especially in similar applications. 

b. IMPEDANCE RANGE — The 
impedance of a Magnetic Amplifier 
cannot be increased to infinity or de- 
creased to zero—reflected impedances, 
therefore, must be considered. With 
full output (core saturated) the output 
impedance is reduced almost to the 
DC resistance of the core windings and 
(if used) rectifiers. Inputs may be de- 
signed with an impedance of a fraction 
of an ohm to a megohm or more. 


c. AGING—If feedback units requir- 
ing rectifiers are used the life of the 
rectifier is the age determining factor. 
Modern dry type rectifiers, conserva- 
tively operated have a life expectancy 
many times that of a vacuum tube, and 
will stand considerably greater over- 
load surges, arid should not, once in- 
stalled, require service or maintenance 
during a service life of at least five 


years. The log book of the German 
cruiser Prins Eugen shows that not one 
of the various types of Magnetic Am- 
plifier used on that vessel for gun 
stabilizers and servos, required serv- 
icing for a period of ten years). 

d. FREQUENCY LIMIT—The up- 
per frequency limit of a magnetic am- 
plifier appears at the present stage of 
development to be about a half million 
cycles. It is assumed, without further 
investigation, that this limit occurs due 
to eddy currents within the core, or 
winding capacity effects or both. Re- 
sponse of pulse repetition rates up to 
400,000 per second have been obtained 
with time constants of one micro- 
second, using 3 Mc as excitation fre- 
quency. 

e. CAPACITY—The capacity of the 
series saturated amplifiers currently 
produced are limited to around 10 kilo- 
watt due to the size of the rectifiers. 
Shunt compound units have been built 
with capacities up to 50,000 KW. 
Theoretically there is no upper limit to 
power handling capacity of these am- 
plifiers, likewise there is practically no 
lower limit; magnetic amplifiers are 
capable of amplifying signals too weak 
to penetrate the emission shot noises 
of a vacuum tube. 


f. SIZE—In many low powered appli- 
cations the magnetic amplifier may 
be larger and heavier than competitive 
units. This is especially true in the 
60 cycle components—the size of the 
core is almost inversely related to fre- 
quency. For a: given size the 400 cycle 
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amplifiers would shave about five times 
the capacity of its 60 cycle counterpart. 
The linearity and response time is also 
improved almost directly in proportion 
to frequency. High speed replacement 
units for vacuum tubes, however, indi- 
cate that they may be much smaller 
and lighter than equivalent vacuum tube 
‘circuits. 

COST—Initially, until mass produc- 
tion is established, these amplifiers will 
be more expensive than the components 


they replace. This is due not only to 
the necessity of absorbing part of the 
research cost in the first production 
units, but. also to. allow protection to 
cover any possible engineering problems 
that may develop in special applications. 
Indications are that once mass produc- 
tion is established magnetic amplifiers 
can compete in cost not only with elec- 
tron tube components but with the 
cheaper electromechanical devices as 
well. 


CONCLUSION 


The uses indicated in the above list 
are but a few of the many applications. 


Not all of the magnetic amplifier ap- 


plications mentioned are commercially 
available, as some are still in the ex- 
perimental stage. Basic research on 
magneto-strictive magnetic amplifiers, 
oscillators and power units utilizing 
composite cores of nickel, iron, cobalt, 


‘in bridge circuits with permanent mag- 


nets for fractional saturation bias lev- 
els are now being studied for special 
applications. 


Magnetic amplifiers should not be 
considered as a substitute for all tubes 
and relays in control and regulating 
circuits. Each application should be 
weighed and balanced against compe- 
In certain installa- 
tions, these amplifiers may actually be 
larger, heavier and less suited than 
other means. A magnetic amplifier 
should be considered only if its advan- 
tages outweigh its disadvantages when 
compared with competitive means. 


Magnetic amplifiers should be con- 
sidered for applications within their 
limitations for many types of equip- 
ments now using vacuum tubes, relays, 
rheostats, circuit breakers, meters, cer- 
tain rotating devices, self-synchronous 
transmitters, receivers, etc. The reduc- 
tion of vacuum tubes alone, by any de- 
vice, is a consideration, when it is 
realized that the electronic equipment 
on a single battleship today. requires 
over 7500 tubes, and the number is 
rapidly increasing. Aircraft Carriers re- 
quire up to 13,000 tubes. excluding 
equipment installed in planes and in 
specialized computers. Storage space 
requirements for three times this num- 
ber of spares is also a consideration. 

The substitution of magnetic ampli- 
fiers for all mechanical regulating de- 
vices used. on auxiliary power units 
supplying electronics equipment should 
be made mandatory, limited only to 
availability. These are relatively sim- 
ple applications, and should be the first 
to be considered. 
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Alexanderson, E. F. W., U.S. Pat. 1,328,797, 20 Jan. “Means for Controlling 
Alternating Currents.” 
Alexanderson, E. F. W., G.E. Rev., Oct. “Transoceanic Radio Communication.” 
Bucher, E., G.E. Rev., Vol. 23, pp. 813-839, Oct. “The Alexanderson System for . 
Radio Communication.” 
Murphy, E. J., and Thompson, L. W., U.S. Pat. 1,337,942, 20 Apr. “Regulating 
System for Alternating Current Circuits.” 
Thompson, L. W., U.S. Pat. 1,337,855, 20 Apr. “Regulating System for Alter- 
nating Current Circuits.” 
1921 
. Fondiller, W., and Martin, ATEE Jour., Vol. 40, pp. 149-158 Feb. 
ReQua, F. L., U.S. Pat. 1,390,543, 13 Sept. “Current Regulator.” 
Stoekle, E. R., U.S. Pat. 1,376,978, 3 May. “Regulator for Alternating Cur- 
rents.” 
1922 
Jonas, J., U.S. Pat. 1,434,346, 31 Oct. “Apparatus for Regulating the Voltage 
of Metal Vapor Rectifier Installations.” 
Kirke, W. B., U.S. Pat. 1,414,652, 2 May. “Regulating System for Alternating 
Current Circuits.” 
Schunk, H., and Zenneck, J., Jahrbuck I. Dractl. T.u.T., Bd. 19, pp. 149-158, 
Mar. “Uber Schwingungskteise mit Eisenkernspulen.” 
Thompson, L. W., U.S. Pat. 1,408,844, 7 Mar. “Speed Regulation of Alternating 
Current Motors.” 
1923 
Elmen, G. W., U.S. Pat. 1,470,965, 16 Oct. “Transmission System.” 
FitzGerald, A. S., U.S. Pat. 1,468,441, 18 Sept. “Protective Device for Electric 
Distribution Systems.” 
Pungs, L., ETZ, Vol. 44, pp. 78-81. “Die Steuerung von Hochfrequenzstromen 
durch Eisendrosseln mit uberlagerter Magnetisierung.” 
Schunk, H., Archiv. fur Elec., Vol. 12, pp. 428-433. “Der Wechselfluss einer 
Eisenkernspule mit uberlagerter Gleichstrommagnetisierung.” 


1924 

Blake, D. C., AIEE Trans., Vol. 43, pp. 937-946. “Applications of Saturable 
Core Reactors and Regulators.” 

Boyajian, A., ATEE Trans., Vol. 43, pp. 919-936, 940-946, June. “Theory of 
D-C Excited Iron Core Reactors and Regulators.” 

Boyajian, A., AIEE Jour., Oct. “Theory of D-C Excited Iron Core Reactors and 
Regulators.” 

Casper, L., Hubmann, F., and Zenneck, J., Jahrbuck I. Dractl. T.u.T., Bd. 23, 
pp. 63-77, April-May. “Experimentelle Untersuchungen uber Schwingungskreise 
mit Eisenkernspulen.” 
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Doun, M., AIEE Trans., June. “Current Limiting Reactors.” 

FitzGerald, A. S., U.S. Pat. 1,508,174, 9 Sept. “Control of Electric Switches.’ 

Gerdien, H., U.S. Pat. 1,486,134, 11 Mar. “Means for Transmitting Signals for 
Wireless Telegraphy.” 

Kierstead, F. M., and Stephens, H. O., AIEE Trans., June. “Current Limiting 
Reactors.” 

Oesterreicher, S. I., ATEE Trans., June. “Current Limiting Reactor Character- 
istics.” : 

1928 

Crouse, G. B., U.S. Pat. 1,691,022, 6 Nov. “Voltage Regulator.” 

Evans, C. T., U.S. Pat. 1,668,711, 8 May. “Regulation of Electric Circuits.” 

Ferada, M., Jour. I.E.E. of Japan, Vol. 16 (also ETZ, Vol. 51, 1930, pp. 1726- 
1727). “Earthing Reactor with D-C Excited Iron Core.” 

Heegner, K., U.S. Pat. 1,656,195, 17 Jan. “Arrangement for the Generation of 
Oscillations.” 

Heising, R. A., U.S. Pat. 1,654,932, 3 Jan. “Magnetic Amplifying System.” 

Osnos, M., U.S. Pat. 1,682,768, 4 Sept. “Circuit Arrangement for High- 
Frequency Systems with Frequency Amplification.” 

Stoller, H. M., U.S. Pat. 1,695,035, 11 Dec. “Electric Regulator.” 


1929 

Dowling, P. H., U.S. Pat. 1,739,579, 17 Dec. “Electrical Translating Apparatus.” 

Elmen, G. W., Bell Syst. Tech. Jour., July. “Magnetic Alloys of Iron, Nickel. 
and Cobalt.” 

Johnson, |. B., Bell Syst. Tech. Jour., Vol. 8, pp. 286-308. 

Ollendorf, F., Archiv. fur Elek., Vol. 23, pp. 162-180, 19 Nov. “Coils with Satu- 
rated Iron Cores.” 

Peters, J. F., U.S. Pat. 1,709,629, 16 Apr. “Are Welding System.” 

Phillips, T., U.S. Pat. 1,730,254, 1 Oct. “Control System.” 

Schelleng, J. C., U.S. Pat. 1,724,968, 20 Aug. “Regulator for Rectifier.” 

West, C. P., U.S. Pat. 1,710,755, 30 Apr. “Generator Voltage Regulator.” 

Winter-Gunther, Jahrbuch, Bd. 34, pp. 41-49, Aug. “Uber die Selbsterregten 
Schwingungen in Kreisen mit Eisenkernspulen.” 


1930 

Burton, E. T., U.S. Pat. 1,763,880, 17 June, “Signaling System.” # 

Goldschmidt, R., Zeits. f. Techn. Physik, Vol. 11, pp. 8-12. 

Harder, E. L., Elec. Jour., Oct. 1930. “Effect of Direct Current in Transformer 
Windings.” 

Lennox, T. C., U.S. Pat. 1,783,804, 2 Dec. “Electric System.” 

Osnos, M., and Kummich, R., U.S. Pat. 1,744,668, 21 Jan. 1930. “Frequency 
Changer for Short Waves.” 

Prince, D. C., U.S. Pat. 1,752,109, 25 Mar. “Electrical System.” 

Scott, K. L., IRE Proc., Vol. 18, pp. 1750-1764. 

Stoller, H. M., U.S. Pat. 1,763,017, 10 June. “Regulator System.” 


1931 
Bergmann, S. R., AIEE Trans., June. “A New System for D-C Are Welding.” 
Bonell, R. K., U.S. Pat. 1,819,069, 18 Aug. “Static Frequency Changer.” 
Boyajian, A., G.E. Rev., Vol. 34, pp. 531-537, 745-751. “Mathematical Analyses 
of Non-linear Circuits.” 
Brown, W. W., U.S. Pat. 1,808,522, 2 June “Protective Regulating Means for 
Alternating Current Rectifier.” 
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reissued as U.S. Pat. Re. 19,129, 3 Apr. 


MAGNETIC AMPLIFIERS 


Dowling, P. H., U.S. Pat. 1,788,152, 6 Jan. “Electrical Translating Apparatus.” 
Dowling, P. H., U.S. Pat. 1,793,213, 17 Feb. “Electrical Translating Apparatus.” 
Dowling, P. H., U.S. Pat. 1,812,202, 30 June. “Electrical Translating 
Apparatus.” 
Dowling, P. H., U.S. Pat. 1,835,209, 8 Dec. “Electrical Translating Apparatus.” 
FitzGerald, A. S., U.S. Pat. 1,824,714, 22 Sept. “Electrical Regulator.” 
Gebhard, L. A., U.S. Pat. 1,822,618, 8 Sept. “High Power Rectifier System.” 
Herzog, R., U.S. Pat. 1,830,758, 10 Nov. “Arrangement for Switching in the 
High Frequency Machine to Frequency Transformers.” 
Kouyomjian, H. K., U.S. Pat. 1,812,299, 30 June. “Electric Controlling 
Apparatus.” 
Kouyoumjian, H. K., U.S. Pat. 1,828,054, 20 Oct. “Electric Controlling 
Apparatus.” 
Kouyoumjian, H. K., U.S. Pat. 1,835,115, 8 Dec. “Electric Controlling 
Apparatus.” 
Lindenblad, N. E., U.S. Pat 1,787,948, 6 Jan. “Iron-Core Static Frequency 
Changer.” 
Osgood, V. I., U.S. Pat. 1,834,416, 1 Dec. “Electric Controlling Apparatus.” 
Peterson, E., U.S. Pat. 1,810,326, 16 June. “Wave Modulation and Application 
Thereof.” 
Sorensen, A. J., U.S. Pat. 1,824,577, 22 Sept. “Electrical Translating Apparatus.” 
Suits, C. G., AIEE Trans., Vol. 50, pp. 724-736, June 1931. “Studies in Non- 
linear Circuits.” 
Thompson, Louis W., U.S. Pat. 1,836,886, 15 Dec. 1931. “Electrical Regulator 
and Regulating System.” 
Wentz, E. C., Elec. Jour., Vol. 28, Sept. 1931. “Balance Coil or Reactor for 
Paralleling Transformers.” 
Wentz, E. C., Elec. Jour., Vol. 28, pp. 561-563, Oct. 1931. “Direct Current 
Controlled Reactor.” 
1932 
Bedell, F., and Kuhn, J., Rev. Sci. Inst., Jan. “Voltage-Regulating Auto- 
Transformer.” 
Belt, T. A. E., U.S. Pat. 1,849,820, 15 Mar. “Combination Electrical Regulator.” 
Boyajian, A., and DeBlieux, E. V., U.S. Pat. 1,870,093, 2 Aug. “Electrical Regu- 
lator.” 
Burton, E. T., U.S. Pat. 1,858,037, 10 May. “Zero Correcting Circuit.” 
Case, B. A., U.S. Pat. 1,874,240, 30 Aug. “Electrical Circuit Regulator.” 
Davi is, R. E., U.S. Pat. 1,839,869, 5 Jan. “Voltage: Regulator for Radio Trans- 
mitters.” 
Dowling, P. H., U.S. Pat. 1,842,392, 26 Jan. “Electrical Translating Apparatus.” 
Dowling, P. H., U.S. Pat. 1,852,704, 5 Apr. “Electrical Apparatus.” 
Dowling, P. H., U.S. Pat. 1,862,211, 7 June. “Electrical Translating Apparatus.” 
Dowling, P. H., U.S. Pat. 1,862,212, 7 June. “Electrical Translating Apparatus.” 
Dowling, P. H., U.S. Pat. 1,878,764, 20 Sept. “Electrical Translating Apparatus.” 
Dowling, P. H., U.S. Pat. 1,891,044, 13 Dec. “Electrical Translating Apparatus.” 
Lee, F. W., U.S. Pat. 1,855,639, 26 Apr. 1932. “Electrical Translating Apparatus,” 


McCarty, C. P., and Boyajian, A., U.S. Pat. 1,875,250, 30 Aug. “Electrical 
Frequency Changer.” 

McEachron, K. B., U.S. Pat. 1,857,160, 10 May. “Rectification of Ateetisiting 
Currents.” 
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Peterson, E., U.S. Pat. 1,884,844, 25 Oct. “Magnetic Wave-Amplifying Re- 
peater.” ; 

Peterson, E., U.S. Pat. 1,884,845, 25 Oct. “Magnetic Amplifier.” 

Seeger, E. V., U.S. Pat. 1,848,847, 8 Mar. “Controller for Electric Motors.” 

Smith, B. M., and Concordia, C., Elec. Engrg., Jan. “Measuring Core Losses at 
High Densities.” 

Sorenson, A. J., and Dowling, P. H., U.S. Pat. 1,862,203, 7 June. “Electrical 
Translating Apparatus.” 

Sorensen, A. J., U.S. Pat. 1,862,204, 7 June. “Electrical Translating Apparatus.” 

Stoller, H. M., U.S. Pat. 1,849,646, 15 Mar. “Motor Control System.” 

Suits, C. G., Elec. World, Vol. 99, pp. 1098-1099, June, and Elec. World, Vol. 
101, p. 321, Mar. 1933. “Flashing Lights Without Moving Parts.” 

Suits, C. G., U.S. Pat. 1,885,155, 1 Nov. “Control of Constant Current Circuits.” 

Thompson, L. W., U.S. Pat. 1,843,745, 2 Feb. “Electrical Regulating Means.” 

Thompson, L. W., U.S. Pat. 1,844,704, 9 Feb. “Electrical Control System.” 

Thompson, L. W., U.S. Pat. 1,878,350, 20 Sept. “Electrical Regulating Means.” 

Williamson, K. T., and Seaverson, O. I., U.S. Pat. 1,861,516, 7 June. “Battery 
Charging Apparatus.” § 

1933 

Arkenburgh, W. H., U.S. Pat. 1,902,485, 21 Mar. “Electrical Control System.” 

Bagnall, R. I., U.S. Pat. 1,896,995, 7 Feb. “Means for Voltage Regulation in 
Alternating Current Supplies.” 

Bedford, B. D., U.S. Pat. 1,918,173, 11 July. “Phase Shifting Circuits.” 

Burton, E. T., U.S. Pat. 1,917,921, 11 July. “Frequency Changer System.” 

Dowling, P. H., U.S. Pat. 1,910,381, 23 May. “Electrical Translating Apparatus.” 

Ed., Power Plant Engrg., May 1933. “Rectifier and Reactance Combinations.” 

FitzGerald, A. S., U.S. Pat. 1,893,766, 10 Jan. “Electric Translation Circuits.” 

FitzGerald, A. S., and Gaines, F. L., U.S. Pat. 1,893,767, 10 Jan. “Electric Regu- 
lator.” 

FitzGerald, A. S., U.S. Pat. 1,893,768, 10 Jan “Electric Regulater.” 

FitzGerald, A. S., U.S. Pat. 1,914,201, 13 June. “Electric Control System.” 

FitzGerald, A. S., U.S. Pat. 1,919,627, 25 July. “Exercising Apparatus.” 

FitzGerald, A. S., U.S. Pat. 1,929,059, 3 Oct. “Electric Fault Responsive 
Apparatus.” 

Griffith, R. C., U.S. Pat. 1,926,280, 12 Sept. “Electric Regulating System.” 

Holberg, M. M., G.E. Rev., May. “New Developments in Synchronous Motor 
Control.” 

Hunter, R. B., U.S. Pat. 1,931,799, 24 Oct. “Method of and Apparatus for Con- 
trolling Electric Circuits.” 

Jones, B. W., U.S. Pat. 1,905,720, 25 Apr. “Motor Starter.” 

Kouyoumjian, H. K., U.S. Pat. 1,896,316, 7 Feb. “Electric Controlling Appara- 
tus.” 

Morecroft, J. H.. PRINCIPLES OF RADIO COMMUNICATION, New 
York, John Wiley and Sons, p. 752. 

Nagashev, B. V., U.S. Pat. 1,920,803, 1 Aug. “Control System for Alternating 
Current Motors.” 

Schmidt, A., Jr., U.S. Pat. 1,921,703, 8 Aug. “Variable Reactance Device.” 

Schmidt, A., Jr., U.S. Pat. 1,935,460, 14 Nov. “Electric Valve Circuits.” 

Simpson, W. P., G.E. Rev., Vol. 36, July. “Saturable Reactors for Airport 
Lighting Control.” 


932 


] 
} 
( 
l 
A 
to 
B 
Ce 
tre 

Re 
] 
] 
] 
] 
] 

Alt 
I 
} 
pp. 
Vet 
gle: 


yonsive 


” 


Motor 


yr Con- 


\ ppara- 


New 


MAGNETIC AMPLIFIERS 


Simpson, W. P., G.E. Rev., 
for Airport.” 

Sola, J. G., U.S. Pat. 1,893,251, 3 Jan. “Voltage Compensator.” 

Sorenson, A. J., and Dowling, P. H., U.S. Pat. 1,914,220, 13 June. “Electrical 
Translating Apparatus.” 

Suits, C. G., Elec. Engrg., pp. 244-246, April. “Non-Linear Circuits Applied to 
Relays.” 

Suits, C. G., U.S. Pat. 1,921,786, 8 Aug. “Non-Linear Circuit,” reissued as 
U.S. Pat. Re. 20,317, 30 Mar. 1937. 

Suits, C. G., U.S. Pat. 1,921,787, 8 Aug. “Pulsation Apparatus.” 

Suits, C. G., U.S. Pat. 1,940,335, 19 Dec. “Electrical Time Delay Apparatus.” 

Summers, C. M., G.E. Rev., April. “Mathematical Expression of a Saturation 
Curve.” 

Wensley, R. J., U.S. Pat. 1,930,545, 17 Oct. “Current-Controlling Apparatus.” 


1934 

Austin, T. M., Cooper, F. W., Elec. Engrg., Vol. 53, Feb. “Voltage Regulator 
Using Saturable Reactor.” 

Austin, T. M., and Cooper, F. W., Elec. Engrg., Vol. 53, pp. 293-300, Feb. “Two 
Applications of Non-Linear Circuits.” 

Bauer, F., and Kafka, E. W., U.S. Pat. 1,947,075, 13 Feb. “Dry Rectifier.” 

Brown, M. J., U.S. Pat. 1,955,322, 17 Apr. ““Motor-Control Scheme.” 

Cairns, C. F., U.S. Pat. 1,942,535, 9 Jan. “Voltage Regulation System.” 

Crouse, G. B., and Jatlow, J. L., U.S. Pat. 1,952,974, 27 Mar. “Voltage Regula- 
tor.” 

FitzGerald, A. S., U.S. Pat. 1,944,072, 16 Jan. “Automatic Reclosing Circuit 
Breaker System.” 

FitzGerald, A. S., U.S. Pat. 1,948,372, 20 Feb. “Regulating System.” 

FitzGerald, A. S. U.S. Pat. 1,980,395, 13 Nov. “Electroresponsive System.” 

FitzGerald, A. S., U.S. Pat. 1,985,562, 25 Dec. “Multiple Circuit Proportional 
Control System.” 

Gullikson, F. H., Electronics, Vol. 7, p. 179, June. “Electron Tube Motor Con- 
trol.” 

Kierstead, F. H., and Bowley, L. V., Elec. Engrg., Mar. “Shunt Resistors for 
Reactors.” 

Lee, F. W., U.S. Pat. Reissue Re. 19,129, 3 April. “Electrical Translating 
Apparatus,” from original U.S. Pat. 1,855,639, 26 Apr. 1932. 

Logan, F. G., U.S. Pat. 1,963,093, 19: June. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 1,997,193, 16 Oct. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 1,981,921, 27 Nov. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 1,982,007, 27 Nov. “Electric Controlling Apparatus.” 

Maier, K., ETZ, Vol. 55, pp. 1026-1029. “Eine neue Kippdrossel.” 

Nagashev, B. V., U.S. Pat. 1,969,520, 7 Aug. “Electric Motor.” 

Neiss, O., U.S. Pat. 1,968,346, 31 July. “Method of Producing an Unsymmetrical 
Alternating Voltage.” 

Power, J. R., U.S. Pat. 1,943,088, 9 Jan. “Rectifier System.” 

Roulle, E., Revue Generale de L’Electricite, Vol. XXXVI, pp. 715-738, 24 Nov.; 
pp. 763-78, 1 Dec.; pp. 795-819, 8 Dec.; pp. 841-858, 15 Dec. “Contribution a 
etude experimentele de la ferro-resonance.” 

Sheuring, W., Eu.M., Vol. 52, pp. 326-328. “Die Spannungsregulierung ais 
gleichstromvorerregter ‘Transformatoren.” 
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Stoler, H. M., U.S. Pat. 1,965,439, 3 July. “Regulated Rectifier Circuit.” 

Suits, C. G., U.S. Pat. 1,968,576, 21 July. “Control Apparatus for Alternating 
Current Circuits.” 

Werner, W. S., U.S. Pat. 1,967,108, 17 July. “Voltage Regulating Apparatus.” 
Physics, July, “Permeability Changes in Ferromagnetic Materials.” 


1935 

Askey, R. O., U.S. Pat. 1,995,530, 26 Mar. “Voltage Regulator.” 

Barth, J. B., Elektroteknisk Tidsskrift, Vol. 48, no. 7, pp. 85-87, 5 Ma‘ and 
Vol. 48, no. 8, pp. 98-99, 15 Mar. “Alternating Fields and Eddy Currents in Solid 
Iron at High Magnetic Saturation.” 

Bedford, B. D., U.S. Pat. 1,985,912, 1 Jan. “Electric Valve Converting System.” 

Bedford, B. D., U.S. Pat. 1,986,617, 1 Jan. “Electric Valve Translating Circuit.” 

Bozorth, R. M., Elec. Engrg., Nov. “Present Status of Electromagnetic Theory.” 

Brown, M. J.. Radio News, Vol. 16, pp. 540-541, Mar. “Design of Saturable 
Core Reactors.” 

Chambers, D. E., Elec. Engrg., Vol. 54, pp. 82-92, Jan. “Application of Elec- 
tron Tubes in Industry.” 

Cravath, A. M., U.S. Pat. 1,987,730, 15 Jan. “Electrical Transmitter.” 

Dillinger, J. F.. and Bozorth, R. H., Elec. Engrg., Sept. “Heat Treatment of 
Magnetic Materials in a Magnetic Field, I and II.” 

Elmen, G. W., Elec. Engrg., Dec. “Magnetic Alloys of Iron, Nickel and Cobalt.” 

Emmerling, A. A., U.S. Pat. 1,996,041, 26 Mar. “Electrical Regulator.” 

FitzGerald, A. S.. U.S. Pat. 1,988,271, 15 Jan. “Electric Valve Circuit.” 

FitzGerald, A. S.. U.S. Pat. 2,021,099, 12 Nov. “Electric Control System.” 

FitzGerald, A. S., U.S. Pat. 2,026,124, 31 Dec. “Automatic Regulating System.” 

Fountain, L. L.. U.S. Pat. 2,015,556, 24 Sept. “Regulator System.” 

Gussakov, V. D., Elektrichestvoo, pp. 47-50, Oct. “Induction of D-C Saturable 
Reactors.” 

Logan, F. G., U.S. Pat. 1,986,112, 1 Jan. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 1,997,179, 9 Apr. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 2,003,945, 4 June. “Electric Controlling Apparatus.” 

Pederson, P. O.. Jour. Acous. Soc. Amer., pp. 227-228, 6 Apr. and pp. 64-70, 
7 July. “Subharmonics in Forced Oscillations in Dissipative Systems.” 

Power, J. R., U.S. Pat. 2,000,189, 7 May. “Regulated Rectifier.” 

Schmutz, O., U.S. Pat. 1,997,657, 16 Apr. “Regulating System.” 

Stansbury, C., U.S. Pat. 2,013,221, 3 Sept. “Motor Controller,’ reissued as 
USS. Pat. Re. 19,853, 11 Feb. 1936. 

Steenbeck, M., and Schmutz, O., Siem, Zt., Vol. 15, pp. 201-204. “Stromrichter- 
steunung mit Thermoelementen und magnetischen Verstarker.”’ 

Stoller, H. M., U.S. Pat. 1,996,495, 2 Apr. “Voltage Regulator.” 

Suits, C. G., U.S. Pat. 1,989,500, 29 Jan. “Electric Translating Circuit.” 

Suits, C. G., U.S. Pat. 2,006,970, 2 July. “Control of Constant Current Circuits.” 

Suits, C. G., U.S. Pat. 2,010,614, 6 Aug. “Electric Pulsating Apparatus.” 

Suits, C. G., U.S. Pat. 2,011,380, 13 Aug. “Electrical System Providing Sequence 
Operation. 1936 

Boyajian, A., U.S. Pat. 2,040,684, 12 May. “Electric Circuit Control Means.” 

Burke, B. S., Heck, C. V., U.S. Pat. 2,057,512, 13 Oct. “Potential Control Sys- 
tem.” 

Contwell, J. L., Elec. Engrg., July. “Frequency Tripling Transformers.” 

Drake, C. W., Elec. Jour., Vol. 33, pp. 178-180, Apr. “Saturable Reactor Start- 
ers for Synchronous Motors.” 
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MAGNETIC AMPLIFIERS 


Drake, G. W., Elec. Jour., Vol. 33, p. 213, May. “Angle Switching of Syn- 
chronous Motors.” . 

_ Edwards, D. V., U.S. Pat. 2,040,768, 12 May. “Electrical Standard.” 

FitzGerald, A. S., U.S. Pat. 2,027,311, 7 Jan. “Magnetic Amplifier.” 

FitzGerald, A. S., U.S. Pat. 2,027,312, 7 Jan. “Magnetic Amplifying and Control 
System.” 

FitzGerald, A. S., privately published at Haverford College, Haverford, Pa., 
June. “DESCRIPTIVE BULLETIN NO. DB-61, SATUREX.” 

FitzGerald, A. S., U.S. Pat. 2,050,882, 1 Aug. “Automatic Cireuit Breaker 
System.” 

La Pierre, C. W., U.S. Pat. 2,053,154, 1 Sept. “Direct Current Indicator.” 

Lee, R., Electronics, Sept. “Reactors in DC Service.” 

Locke, A. R., U.S. Pat. 2,044,006, 16 June. “Control System.” 

Logan, F. G., U.S. Pat. 2,036,708, 7 Apr. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 2,040,492, 12 May. “Rectifier Regulator.” 

Logan, F. G., U.S. Pat. 2,047,915, 14 July. “Electric Controlling Apparatus.” 

McCandless, S. R., and Wolff, F. M., Illum. Engrg. Soc. Trans., Vol. 31, pp. 
41-68, Jan. “Electrical Control for Varying Lighting Intensities.” 

Pakala, W. E., U.S. Pat. 2,036,233, 7 Apr. “Control System for Arc Welding.” 

Pender, H., and MclIlwain, K.. ELECTRICAL ENGINEERS’ HANDBOOK, 
New York, John Wiley and Sons, pp. 4-20 to 4-23. 

Peterson, E., and Wrathall, L. R., IRE Proc., Vol. 24, pp. 275-286, 1936. 

Seeley, H. T., U.S. Pat. 2,031,509, 18 Feb. “Electric Control Means.” 

Stansbury, C., U.S. Pat. Reissue Re. 19,853, 11 Feb. “Motor Controller,” from 
original U.S. Pat. 2,013,221, 3 Sept. 1935. 

Turner, A. H., U.S. Pat. 2,026,758, 7 Jan. “Secret Signalling.” 

West, C. P., and Applegate, I. D., Elec. Jour., Vol. 33, pp. 181-183, 1936. “A 
Generator-Voltage Regulator Without Moving Parts.” 

Wiskott, W., and Friedlander, E., U.S. Pat. 2,046,496, 7 July. “Arrangement for 
Maintaining Constant Line Power Transmission.” 

Wolfert, E. R., and Wentz, E. C., U.S. Pat. 2,039,044, 28 Apr. “Regulating 
System.” 


1937 


Aggers, C. V., and Pakala, W. E., Elec. Jour., pp. 55-57, Feb. “DC Controlled 
Reactors.” 

Amsden, R. D., U.S. Pat. 2,082,607, 1 June. “Electrical Control System.” 

Bedford, B. D., U.S. Pat. 2,103,996, 28 Dec. “Constant Current Magnetic 
Bridge.” 

Bedford, B. D., U.S. Pat. 2,103,997, 28 Dec. “Electric Control Circuit.” 

Croden, W. T., U.S. Pat. 2,086,120, 6 July. “Control System.” reissued as U.S. 
Pat. Re. 21,407, 26 Mar: 1940. 

Ed., Electronics, p. 28, Oct. “Reactance Amplifiers.” 

Edwards, M. A., and Kane, G. A., U.S. Pat. 2,084,900, 22 June. “System of 
Electrical Distribution.” 

Emmerling, A. A., U.S. Pat. 2,074,145, 16 Mar. “Electric Circuit Control 
Means.” 

FitzGerald, A. S., U.S. Pat. 2,074,835, 23 Mar. “Electric Elevator Indicating 
System.” 

FitzGerald, A. S., Elec. World, Vol. 107, p. 82. “Control Scheme Uses Tube- 
less Amplifier.” 
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FitzGerald, A. S., Elec. World, Vol. 107, No. 19, p. 1592, 8 May. “Control 
Scheme Uses Tubeless Amplifier.” 

FitzGerald, A. S., Electronics, Vol. 10, pp. 28-30. “Reactance Amplifiers.” 

FitzGerald, A. S., U.S. Pat. 2,100,313, 30 Nov. “Traffic Control System.” 

Foos, C. B., U.S. Pat. 2,079,500, 4 May. “Electrical Control Circuit.” 

Graff, J. W., and Spurgeon, S. J., U.S. Pat. 2,079,206, 4 May. “Voltage Regu- 
lating Equipment.” 

Hauffe, G., ETZ, Vol. 58, pp. 990-993, “Anwendung gleichstromvormagneti- 
sierter Drosselspulen in der Starkstromtechnik.” 

Hauffe, G., ETZ, Vol. 58, pp. 937-940, 989-990, “Gleichstromvormagnetisierte 
Drosselspulen.” 

Jenks, H. C., U.S. Pat. 2,100,715, 30 Nov. “Energizing System.” 

Kramer, W., ETZ, Vol. 58, pp. 1309-1313, “Ein einfacher Gleichstromwandler 
mit echten Stromwandlereigenschaften.” 

Logan, F. G., U.S. Pat. 2,067,143, 5 Jan. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 2,068,188, 19 Jan. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 2,074,552, 23 Mar. “Voltage Regulator.” 

Logan, F. G., U.S. Pat. 2,078,880, 27 Apr. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 2,092,319, 7 Sept. “Electric Controlling Apparatus.” 

Moyer, E. E., U.S. Pat. 2,078,152, 20 Apr. “Phase Shifting Circuit.” 

Partridge, G. F., Phil. Mag., Vol. 23, pp. 99-106, “The Inductance of Iron- 
Cored Coils Carrying Direct Current.” 

Perry, W. R., U.S. Pat. 2,102,911, 21 Dec. “Motor Control System.” 

Peterson, E., Manley, J. M., and Wrathall, L. R., Elec. Engrg., Aug. “Magnetic 
Generation of a Group of Harmonics.” 

Phillips, H. E., U.S. Pat. 2,079,466, 4 May. “Electrical Control System.” 

Philpott, L. V. R., U.S. Pat. 2,066,943, 5 Jan. “Regulating System.” 

Schmidt, A., Jr., U.S. Pat. 2,084,870, 22 June. “System of Electrical Distribu- 
tion.” 

Stocker, C. P., U.S. Pat. 2,088,618, 3 Aug. “Frequency Reducing System.” 

Suits, C. G., U.S. Pat. Reissue Re. 20,317, 30 Mar. “Non-Linear Circuit,” from 
original U.S. Pat. 1,921,786, 8 Aug. 1933. 

Travis, I. A., and Weygandt, C. N., AIEE Tech. Paper 37-93, Dec. “Sub- 
harmonics in Circuits Containing Iron-Cored Inductors.” 

Vulfson, K., Jour. Tech. Phys., Vol. 7, No. 11, p. 1170, “The Magnetic Ampli- 
fier” (abstract 311 of 1938 Wireless Engr.). 

Wasserrab, T., Archiv. fur Elek., Vol. 31, pp. 814-821, Dec. “Zur qualitativen 
Theorie gleichstromvormagnetisierter Eisendrosseln.” 

Way, K. J., Electronics, Vol. 10, July, pp. 14-16, “Voltage Regulator Using 
Magnetic Saturation.” 

West, C. P., U.S. Pat. 2,066,919, 5 Jan. “Regulating System.” 

Wrathall, L. R., Bell Labs. Rec., p. 357, July. “Carrier Generation.” 

Young, H. E., U.S. Pat. 2,085,060, 29 June. “Constant Current System.” 


1938 


Aggers, C. V., U.S. Pat. 2,114,827, 19 Apr. “Battery Charging Regulator.” 

Bedford, B. D., U.S. Pat. 2,126,603, 9 Aug. “Electric Valve Circuits.” 

Bedford, B. D., U.S. Pat. 2,130,412, 20 Sept. “Electric Control and Indicating 
Circuits.” 

Behrens, T. A., U.S. Pat. 2,107,360, 8 Feb. “Alternating Current Control Appa- 
ratus.” 
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Boardman, E. M., U.S. Pat. 2,108,642, 15 Feb. “Magnetic Device.” 

Chonan and Watanabe, Nippin Elec. Comm. Engr., p. 184, Apr. “On a Method 
of Amplifying a D.C. Voltage” (abstract 3149 of 1938 Wireless Eng.). 

Craig, P. H., U.S. Pat. 2,138,732, 29 Nov. “Electric Regulator.” 

Dawson, J. W., U.S. Pat. 2,140,349, 13 Dec. “Change Amplifying Means.” 

FitzGerald, A. S., U.S. Pat. 2,129,920, 13 Sept. “Electric Control System.” 

Forssell, H., and Ofverholm, H., U.S. Pat. 2,128,771, 30 Aug. “Regulating 
Means for Current Rectifying or Converting Apparatus.” 

Heddings, L. K., U.S. Pat. 2,136,243, 8 Nov. “Electrical Regulating Apparatus 
for Rectifiers.” 

Herzenberg, G. R., Automatika and Telemechanika, No. 2, p. 35, “The Satura- 
tion Choke Coil as a Power Amplifier” (abstract 4285 of 1938 Wireless Engr.). 

Keller, E. G., Jour. Franklin Inst., Vol. 225, No. 5, p. 561, May. “Resonance 
Theory of Series of Non-Linear Circuits.” 

Kramer, W., ETZ, Vol. 59, pp. 1295-1298, “Ein neuer Gleichspannungsmess- 
wandler zur Messung Hoher Gleichspannungen.” 

Logan, F. G., U.S. Pat. 2,118,440, 24 May. “Electric Controlling Apparatus.” 

Logan, F. G., U.S. Pat. 2,126,790, 16 Aug. “Electric Controlling Apparatus.” 

Maus, G., El. Nachr. Techn., Vol. 15, pp. 369-379, “Untersuchungen an Hoch- 
frequenzapulen mit Eisenbandkermen bei veranderlicher Gleichstromvormagneti- 
sierung.” 

Odessey, P. H., and Weber, E., AIEE Trans., Vol. 57, pp. 444-452, Aug. 
“Critical Conditions in Ferroresonance” (prepublished as AIEE Tech. Paper 
37-134, Dec. 1937). 

Reuss, K., Archiv. fur Elek. Vol. 33, pp. 777-800, 1938. “Die Verstarker- 
drossel.” 

Schmidt, A., Jr., U.S. Pat. 2,112,051, 22 Mar. “Electric Control System.” 

Suits, C. G., U.S. Pat. 2,137,148, 15 Nov. “Electric Valve Circuits.” 

' Thomson, W. T., AIEE Tech. Paper 39-75, 1938. “The Generalized Solution 
for the Critical Conditions of the Ferroresonant Parallel Circuit.” 

- Thomson, W. T., AIEE Trans., Vol. 57, pp. 469-476, Aug. “Resonant Nonlinear 
Control Circuits” (prepublished as ATEE Tech. Paper 37-66, Dec. 1937). 

Travis, I., and Weygandt, C. N., AIEE Trans., Vol. 57, pp. 423-431, Aug., and 
Vol. 58 (Supplement 1939, pp. 735-742), “Subharmonics in Circuits Containing 
Iron-Cored Reactors”; (also, AIEE Tech. Papers 37-93, Dec. 1937 and 39-14, 
Dec. 1938). 

Valentine, C. E., and Thornburg, V. E., U.S. Pat. 2,137,068, 15 Nov. “Con- 
tactless Regulator.” 

Vassiliere-Arlhac, J., Bull. Soc. Franc. Electr., Vol. 8, pp. 834-838, 1938, and 
Rev. Gen. Electr., Vol. 46, pp. 54-56, 1939, “Transformateurs d’Intensite Statique 
a Courant Continu. * 

Wrathall, L. R., U.S. Pat. 2,117,752, 17 May. “Harmonic Producer.” 


1939 


Barton, L. E., U.S. Pat. 2,166,674, 18 July. “Indicating Device.” 

Bedford, B. D., U.S. Pat. 2,157,812, 9 May. “Electric Valve Circuit.” 

Bedford, B. D., U.S. Pat. 2,169,866, 15 Aug. “Electric Control and Indicating 
Means.” 

Burton, E. T., U.S. Pat. 2,147,688, 21 Feb. “Magnetic Impulse Storing Device. ef 

Burton, E. T., U.S. Pat. 2,164,383, 4 June. “Magnetic Device.” 
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Dahlgren, F., ERA (Sweden), Vol. 12, PP. 51-52, “Transduktorn, ett elektriskt 
regleringsorgan med mangsidig anvandning.” 

Dellenbaugh, F. S.; Jr., U.S. Pat. 2,175,379, 10 Oct. “Regulating System.” 

Edwards, M. A., U.S. Pat. 2,142,837, 3 Jan. “Discharge Lamp System.” 

Edward, M. A. ,U. S. Pat. 2,169,093, 8 Aug. “Electrical Control System.” 

FitzGerald, A. S:, U.S. Pat. 2, 145,591,-31 Jan. “Electric Indicating and Con- 
trol System.” 

FitzGerald, A. S., v. S. vat: 2,168,402, 8 Aug. “Pulsating Electrical Contre! 
System.” 

Hanley, S. M., U.S. Pat. 2,144,289, 17 Jan. “Automatic Regulating Apparatus 
for Current Supply Systems.” 

Hanley, S. M., U.S. Pat. 2,144,290, 17. Jan. “Automatic Regulating Apparatus 
for Current Supply Systems.” 

Hanley, S. M., U.S. Pat. 2,182,666, 5 Dec. “Electrical Regulating System.” 

Hartel, W., Archiv. fur Elek., Vol. 33, pp. 585-592, Sept. “Uberschlagige Be- 
rechnung von gleichstromvormagnetisierten Drosseln.” 

Hauffe, G., Archiv. fur Elek., Vol. 33, pp. 41-47, “Beitrag sur qualitativen 
Theorie gleichstromvormagnetisierter Eisenkern-Drosselspulen.” 
Kalbskopf, W., US. Pat 2,173,905, 26 Sept. “Voltage-Compensating Trans- 
former.” 

Kern, E., U.S. Pat. 2,148,049, 21 Feb. “Electric Valve Control System.” 

Kettler, Pat. 2,149,092, 28 Feb. “Saturable Core Detector.” 

Kramer, W., ETZ, Vol. 60, pp. 393-395, “Fremderregte Stromwandler als Uni- 
versalwandler zum Oscillographieren von Wechselstromen mit Gleichstrongliedern.” 

Kramer, W., U.S. Pat. 2,153,377, 14 Apr. “Direct Current Measurement Means.” 

Kramer, W:, U.S. Pat. 2,153,378, 14 Apr. “Current Responsive Arrangement.” 

Lamm, A. U., ASEA Tidning, Vol. 31, pp. 18-31. “Transduktorer.” 

Lamm, A. U., ASEA Jour.; May and June. “Transductor and Its Applications.” 

Ledward, T. A., Jour. I.E.E., Vol. 84, No. 505, p. 113, Jan. “Some Polarization 
Phenomena in Magnetic Materials with Special Reference to Nickel-Iron Alloys”; 
also discussion, p. 139. 
' Legg; W. E., Bell Syst. Tech. Jour., July. “Survey of Magnetic Materials and 
Applications in the Telephone System.” 

Logan, F. G., U.S. Pat. 2,161,179, 6 June. “Electric Controlling Apparatus.” 

Manley, J. M., U.S. Pat. 2,150,386, 14 Mar. “Harmonic Producer.” ze 

‘Murcek, S. J., U.S. Pat. 2,179,299, 7 Nov. “Self-Regulating Battery Charger. a 

Peterson, E., U.S. Pat. 2,146,091, 7 Feb. “Harmonic Producing Apparatus.”. -~ 

Rasmusson, E. J., U.S. Pat. 2,165,111, 4 July. “Control System.” 

Sabbah, C. A., U.S. Pat. 2,168,173, 1 Aug. “Transforming Means.” 

Teare, W. H., U.S. Pat. 2,160,688, 30 May. “Electric Valve Circuit.” 

Teldbaum, A. A., Automatika and Telemechanika, No. 5, p. 29, 1939. “The 
Magnetic Voltage Amplifier”; also Abstract 4235, Wireless Engr., 1940. 

Thomson, W. T., AIEE Trans., Vol. 58, Supp. p. 743. “The Generalized Solu- 
tion for the Critical Conditions of the Ferroresonant Parallel Circuit.” 

Thomson, W. T.,-AIEE Trans., Vol. 58, No. 3, p.- 127, ‘Mar. “Similitude of 
Critical Conditions ‘in Ferroresonant Circuits.” 

Walker, A. H. B., U.S. Pat. 2,177,556, 24 Oct. “hassle for Automatically 
Controlling the Current in an Alternating Current Circuit.” 

Young, H. E., U.S. Pat. 2,154,020, 11 Apr. “Constant Voltage System.” 
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1940 

Bedford, B. D., U.S. Pat. 2;222;700; 26 Nov. “Electric Valve Circuits.” 

Carmichael, T. F., U.S. Pat. 2,222,214, 19 Nov. “Power Converting Unit and 
System.” 

Croden, W. T., U.S. Pat. Reissue Re. 21,407, 26 Mar. “Control System,” from 
original U.S. Pat. 2,086,120, 6 July 1937. 

Demontvignier, M., U.S. Pat. 2,190,353, 13 Feb. “Control Device for Rectifiers 
with Ionized Vapor.” 

Edwards, M. A., U.S. Pat. 2,190,775, 20 Feb. “Electricity Valve Circuit.” 

Edwards, M. A., U.S. Pat. 2,194,299; 19 Mar. “Frequency Compensator. Brac 

Edwards, M. A., U.S. Pat. 2,210,805, 6 Aug. “Control System.” 

Garlick, W. J., U. S. Pat. 2,207,248, 9 July. “Electromagnetic Controlling Means.” 

Geyger, W., Wiss. Veroff. Siem., Vol. 19, No. 3, p. 4,.5 Nov., pp. 226-269, 
“Foundations of the Magnetic Amplifier for Measuring and Control”; ; also Abstract 
2857, Wireless Engr., 1941. 

Gulliksen, F. H., U.S. Pat. 2,208,420, 16 July. “Registration Control System. or 

Gasew, W. W., ETZ, Vol. 61, pp. 916-917, 1940; “also EL Stanzii, aie —" 
stromgeregelte Peterbenspiilen.” 

Klemperer, H., U.S. Pat. 2,206,701, 2 July. “Rectifier Circuits.” 

Lamm, A. U., Elektroteknisk Tidsskrift (Norway), Vol. 59, pp..97- 107, 1940. 
“Transduktoren eller den likstrommagnetiserte reaktor-et statiske ele. og regu: 
leringselement.” 

Lamm, A. U., Tekn, Tidskrift, Vol. 70, pp. 189-193, 1940. “Transduktoren, en 
panyttfodd medlem av de elektriska apparaternas familj.” 

Lamm, A. U., and Vellard, L., Rev. Gen. Electr., Vol. 47, pp. 373-389, 1940. 
“Le transducteur et ses applications.” 

‘Ludbrook, L. C., U.S. Pat. 2,213,882, 3 Sept. “Electrical Control System.” 

Mills, H. L., U. S. Pat. 2,200,632, 14 May. “Arc Welding System.” 

Morack, M. M., U.S. Pat. 2,202,711, 28 May. “Electric Valve Converting Sys- 
tem. ” 

‘Moyer, E. E., U.S. Pat. 2,190,799, 20 Feb. “Starting Circuit for Electric Valve 
Apparatus.” 

O’Hagan, B. E., U.S. Pat. 2,215,910, 24 Sept. “Railway Track Circuit Appa- 

ratus. ” 

O’Hagan, B. E., U.S. Pat. 2,216,623, 1 Oct. “Railway Signaling epaeh ered 

Partington, R. M., U.S. Pat. 2,202,715, 28 May. “Electric Circuit.” - 

Schmidt, A., Jr., U.S. Pat. 2,193,649, 12 Mar. “System of Electrical Distribu- 
tion.” 

Schmutz, O., U.S. Pat. 2,217,457, 8 Oct. “Generator Voltage Regulator.” ~ 

Stevens, S. A., and Walker, A. H. B., U.S. Pat. 2,222,048, 19 Nov. “Apparatus 
for the Production of Electric Oscillations.” 

Walsh, P. J., U.S. Pat. 2,199,121, 30 Apr. “Converter System.” 

Whitenack, M. E., U.S. Pat. 2,208,235, 16 July. “Electric Control.” 

Willis, C. H., U.S. Pat. 2,196,046, 2 Apr. “Electric Fence.” 

1941 

Alexanderson, E. F. W., and Mittag, A. H., U.S. Pat. 2,248,600, 8 July. “Elec- 
tric Valve Circuits.” 

Bowen, A. E., U.S. Pat. 2,230,558, 4 Feb. “Electron Diechargd 

Buchanan, C. C., U.S. Pat. 2,230,860, 4 Feb. “Code Responsive Control: ich a 

ratus. ” 

Chambers, D. E., U.S. Pat. 2,267,395, 23 Dec. “Control Sys : 

Edwards, M. A., U.S. Pat. 2,262,491, 11 Nov. “Electric Saad Circuit: mre 
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Eisenschmid, O., U.S. Pat. 2,261,676, 4 Nov. “Voltage Regulator.” 

Finch, J. L., and Usselmen, G. L., U.S. Pat. 2,242,881, 20 May. “Rectifier Filter.” 

Geyger, W., Wess. Veroff. Siem., Vol. 20, pp. 253-267, “Experimentelle Unter- 
suchungen an magnetischen verstarkern fur die Mess- und Regeltechnik.” 

Geyger, W., ETZ, Vol. 62, Nos. 42-43 and 44-45, p. 849, 23 Oct. and p. 891, 
6 Nov. “Magnetic Amplifiers for Measuring and Control Technique”; also Ab- 
stract 1135, Wireless Engr., 1942; also Sc. Abstract B, No. 1851, 1946. 

Giroz, H. E., Bull. Soc. Franc. Electr., Vol. 1, p. 459, Aug. to Oct. “Application 
of Magnetic Amplifiers to the Control and Automatic Regulation of Furnace 
Temperatures” ; also Sc.. Abstract B, No. 2369, 1946. 

Gullikssen, F. H., U.S. Pat. 2,228,078, 7 Jan. “Reversing Control for Alternating 
Current Motors.” 

Hedding, L. K., and Johnson, P. S., U.S. Pat. 2,253,705, 26 Aug. “Electrical 
Regulating Apparatus.” 

Heller, B., and Ibl, J., U.S. Pat. 2,231,670, 11 Feb. “Grid Control System.” 

Livingstone, O. W., U.S. Pat. 2,250,961, 29 July. “Electric Valve Circuit.” 

' Logan, F. G., U.S. Pat. 2,259,647, 21 Oct. “Electric Controlling Apparatus.” 
Sasloff, S. P., U.S. Pat. 2,253,351, 19 Aug. “Energy Translating Apparatus.” 
Schilling, W., Electrkt. Masch., Vol. 59, No. 33/36, pp. 397-406, 29 Aug. 

“Polarized-Iron Core Chokes for Regulating Purposes”; also Abstract 428, Wire- 

less Engr., 1944. 

Schneider, E. D., and Ryan, A. R., U.S. Pat. 2,266,569, 16 Dec. “Temperature 
Control System.” 

Scott, D. B., U.S. Pat. 2,265,930, 9 Dec. “Welding System.” 

Sweeny, C. P., U.S. Pat. 2,227,468, 7 Jan. “Variable Voltage Transformer.” 

Vance, P. A., U.S. Pat. 2,253,962, 26 Aug. “Reactor.” 

Werner, O., U.S. Pat. 2,229,950, 28 Jan. “Arrangement for Controlling the 
Voltage of Alternating Current Circuits.” 

Whitely, A. L., and Ludbrook, L., U.S. Pat. 2,229,952, 28 Jan. “Magnetic Am- 
plifier.” 

Wickerham, W. R., U.S. Pat. 2,238,613, 15 Apr. “Wound Motor Rotor Control.” 


1942 

AIEE, AIEE STANDARD DEFINITIONS OF ELECTRICAL TERMS, 
New York, AIEE, 1941, 1942. 

Barth, G., U.S. Pat. 2,287,755, 23 June, “Power Amplifier.” 

Baston, C. E., U.S. Pat. 2,289,171, 1942. “Speed Responsive Device.” 

Batten, W. B., U.S. Pat. 2,285,556, 9 June. “Vapor Electric Device.” 

Bedford, B. D., U.S. Pat. 2,284,794, 2 June. “Electric Circuits.” 

Bedford, B. D., U.S. Pat. 2,289,090, 7 July. “Electric Circuit.” 

Buchhold, T., Archiv. fur Elek., Vol. 36, pp. 221-238, 514, 30 Apr. “Uber 
Gleichstromvormagnetisierte Wechselstromdrosselspulen und deren Ruckkoppling” ; 
translation, Rex, H. B., Instruments, Vol. 20, pp. 1102-1109, Dec. 1947; also 
Abstract 3547, Wireless Engr., 1946. 

Claesson, P. H. E., U.S. Pat. 2,306,998, 29 Dec. “Automatic Voltage and Cur- 
rent Regulating Device.” 

FitzGerald, A. S., U.S. Pat. 2,277,849, 31 Mar. “Electrical Control System.” 

Garlick, W. J., U.S. Pat. 2,292,514, 11 Aug. “Control Apparatus for Electrical 
Circuits.” 

Geyger, W., Wiss. Veroff. Siem., Vol. 20, p. 33, “Experimental Investigations 
on Magnetic Amplifiers for Measuring and Control Technique”; also Abstract 
123, Wireless Engr., 1943. 
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Geyger, W., Wiss. Veroff. Siem., Vol. 21, p. 187. “A Null Current Magnetic 
Amplifier of High Sensitivity for Measurement and Regulation Purposes”; also 
Sc. Abstract B, No. 2343, 1946. 

Hartel, W., Archiv. fur Elek., Vol. 36, pp. 556-572. “Azschatzung der Ober- 
wellen bei gleichstromvormagnetisierte Drosselspulen.” , 

Hedding, L. K., U.S. Pat. 2,282,471, 12 May. “Electrical Regulating Apparatus.” 

Hinds, R. S., and Mandl, A., U.S. Pat. 2,272,745, 10 Feb. “Means for Charging 
Electric Batteries.” 

Hines, C. M., U.S. Pat. 2,297,148, 29 Sept. “Railway Signaling Apparatus.” 

Huge, H. M., U.S. Pat. 2,274,925, 3 Mar. “Static Frequency Changer.” 

Lamm, A. U., “THE TRANSDUCTOR, D.C. PRE-SATURATED REACTOR, 
WITH SPECIAL REFERENCE TO TRANSDUCTOR CONTROL OF REC- 
TIFIERS,” Esselte Aktiebolag, Stockholm, 1942( ?). 

Logan, F. G., U.S. Pat. 2,299,911, 27 Oct. “Motor Starting Apparatus.” 

Manley, J. M., U.S. Pat. 2,272,246, 10 Feb. “Electrical Frequency Changer.” 

Moyer, E. E., U.S. Pat. 2,273,586, 17 Feb. “Electric Valve Circuits.” 

Runaldue, L. R., U.S. Pat. 2,278,151, 31 Mar. “Regulating Apparatus.” 

Schneider, E. D., U.S. Pat. 2,285,172, 2 June. “Control System.” 

Summers, C. M., U.S. Pat. 2,272,755, 10 Feb. “Electrical Regulating Apparatus.” 

Summers, C. M., U.S. Pat. 2,272,756, 10 Feb. “Regulating Apparatus.” 

1943 

Adler, R., Electronics, Vol. 16, p. 128, Nov. “B-H Curve Tracer for Lamina- 
tion Samples.” 

Amsden, R. D., U.S. Pat. 2,334,528, 16 Nov. “Electrical Control System.” 

Andrews, R. A., U.S. Pat. 2,309,156, 26 Jan. “Electric Controlling Apparatus.” 

Buchhold, T., Archiv. fur Elek., Vol. 37, pp. 197-211. “Zur Theorie des magne- 
tischen Verstarkers”; also Abstract 55, Wireless Engr., 1944; also Sc. Abstract 
B. No. 1599, 1945. 

Edwards, M. A., U.S. Pat. 2,313,526, 9 Mar. “Electric Circuit.” 

Geyger, W., Wiss. Veroff. Siem., Vol. 21, p. 47. “A High Sensitivity Magnetic 
Null-Circuit Amplifier for Measuring and Control Technique.” 

Haines, A. B., U.S. Pat. 2,309,586, 26 Jan. “Static Frequency Changing System.” 

Harty, E. A., AIEE Trans., Vol. 62, pp. 624-629, Oct. “Characteristics and 
Applications of Selenium-Rectifier Cells.” 

Hedding, L. K., U.S. Pat. 2,316,331, 13 Apr. “Voltage Regulating Apparatus.” 

Hedding, L. K., U.S. Pat. 2,322,130, 15 June. “Electrical Regulating Apparatus.” 

Herskind, C. C., U.S. Pat. 2,335,673, 30 Nov. “Electric Valve Translating Appa- 
ratus.” 

Hornpeck, A. J., U.S. Pat. 2,310,955, 16 Feb. “System of Measurement and/or 
Control.” 

Huge, H. M., U.S. Pat. 2,329,537, 14 Sept. “Nonlinear Inductance.” 

Johnson, R. A. S., U.S. Pat. 2,312,416, 2 Mar. “Constant Current Transformer.” 

Lamm, A. U.. THE TRANSDUCTOR, Sweden, 1943. 

Lamm, A. U., Dissertation, Stockholm, 1943. “The Transductor, D.C. Pre- 
Saturated Reactor with Special Reference to Transductor Control of Rectifiers” ; 

also 2nd Ed. Acta Polytechnica, Academy of Engineering Science, Stockholm, 
May 1948. 

Lamm, A. U., THE TRANSDUCTOR, D.C. PRE-SATURATED REACTOR, 
WITH SPECIAL CONTROL FOR RECTIFIERS, Esselte Aktiebolag, Stock- 
holm, 1943. 

Lamm, A. U., U.S. Pat. 2,337,253, 21 Dec. “Direct Current Saturated Induct- 
ance with Relay Action” ; reissued as U.S. Pat. Re. 22,768, 25 June 1946. 
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MAGNETIC AMPLIFIERS 


Ledward, T. A., Wireless World, Vol. 48, p. 230, Aug. “DC/AC Converter.” 
McCreary, H. J., U.S. Pat. 2,324,634, 20 July. “Electromagnetic Inductance 
Apparatus.” 

Milarta, L. E., U.S. Pat. 2,331,411, 12 Oct. “Regulated Rectifier.” 

Moyer, E. E., U.S. Pat. 2,331,131, 1943. “Electric Regulating Circuit.” 

Myers, H.C., U.S. Pat. 2,318,091, 4 May. “Vapor-Electric Device.” 

Peterson, E., U.S. Pat. 2,317,482, 27 Apr. ““Wave Generating System.” 

Ryan, A. R., U.S. Pat. 2,331,731, 12 Oct. “Electric Valve Circuit.” 

Smith, D. W., Aeronautical Engr. Rev., May. “Magnesyn Remote Reading 
Compass.” 

Smith, I. R., U.S. Pat. 2,333,617, 2 Nov. “Battery-Charging System.” 

Walsh, P. J., U.S. Pat. 2,329,021, 7 Sept. “Electromagnetic System.” 

Wentz, E. C., Westinghouse Engr., Vol. 3, p. 115, Nov. “Saturable Core Reactor 
Now Smaller, More Capable.” 
Wentz, E. C., Westinghouse Engr., Nov. “A New Saturable Core Reactor.” 
Winograd; H., U.S. Pat. 2,329,735, 21 Sept. “Electric Valve Protective System.” 


1944 


Geyger, W., U.S. Pat. 2,338,423, 4 Jan. “Apparatus for Measuring Direct Cur- 
rents or Voltages.” 

Grandstaff, O. D., Gilman, T. W., and Herrick, R. H., U.S. Pat. 2,343,411, 
7 Mar. “Current Supply System.” 

Haug, E. H., U.S. Pat. 2,351,681, 20 June. “Constant Current Control: ¥ 

Hedding, L. K, U.S. Pat. 2,346,487, 11 Apr. “Regulating Apparatus.” 

Hedstrom, S. E: and Krabbe, U., ASEA Tidning, Nr. 11-12. “Den kopplings- 
tekniska appbyggnaden av transduktorregulatorer.” 

Herrick, R. H., U.S. Pat. 2,340,382, 1 Feb. “Frequency Reducing System.” 

Holden, W.-H. Fy: Pat. 2,339,406, 18 Jan. “Electrical Transmission Sys- 
tem.” 

Huge, H. M., U.S. Pat. 2,364,531; 5 Dec. “Frequency Reducer.” 

Huge, H. M., U.S. Pat. 2,364,532, 5 Dec. “Common Core Frequency Changer.” 

Lee, R., U.S. Pat. 2,351,989, 20 June. “Voltage Stabilizer.” 

McNaney, J. T.. Electronics, Vol. 17, pp. 118-125, Dec. “A Continuous-Control 
Servo System.” 

Myers, H.C., U.S. Pat. 2,349,633, 23 May: “Vapor Electric Device.” 

Polydorf, W. J.. Proc. Nat. Electronics Conf., Vol. 1, p. 146. “Incremental Per- 
meability Tuning.” 

Priest, J. E., U.S. Pat. 2,346,997, 18 Apr. “Voltage Regulator.” 

Sparrow, H. T., U.S. Pat. 2,355,567, 8 Aug. “Control Apparatus.” 

Trucksess. D. E., U.S. Pat. 2,349,685, 23 May. “Rectifying System.” 

1945. - 

Boyajian, A., and Camilli, G.. AIEE Trans., Vol. 64, No. 3, pp. 137-140, Mar. 
1945. “Orthomagnetic Bushing Current Transformer for Metering.” 

Christopher, H. N., U.S. Pat. 2,373,383, 10 Apr. “Self-Regulating Rectifier.” 

Coyne Electrical School Technical Staff, ELECTRONICS (book), 1945, p. 79. 
“Saturable Reactors.” 

Dorfman, L. O., U.S. Pat. 2,387,889, 30 Oct. “Welding System.” 

Dortort, I. K., U.S. Pat. 2,373,297, 10 Apr. “Electric Valve Control System.” 

Dyson, J.; U.S. Pat. 2,371,035, 6 Mar. “Protective Circuits for Rectifiers.” 

Garr, D. E., U.S. Pat. 2,378,765, 19 June. “Voltage Regulator.” 
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MAGNETIC AMPLIFIERS 


Hedstrom, S. E., Tekn, Tidskrift. Part 18. “Transduktorn som mattekneskt 
hjalpmedel.” 

Holubow, H., Electronic Industries, Vol. 4, pp. 76-79, Mar. “D.C. Saturable 
Reactors for Control Purposes.” 

- Keiser, R. W., U.S. Pat. 2,387,797, 30 Oct. “Reactance.” 

King, R. W. P., ELECTROMAGNETIC ENGINEERING, New York, 
McGraw-Hill, 1945. 

Massachusetts Institute of Technology, Radiation Laboratory Staff, MIT Radia- 
tion Lab. Report No. 666, 22 Mar. “Equivalent Circuit of a Pulse Transformer 
Core”; also Library of Congress Publication Board Report PB-2719. 

Middel, H. D., U.S. Pat. 2,388,070, 30 Oct. “Electromagnetic Apparatus.” 

Nordfeldt, B., U.S. Pat. 2,372,112, 20 Mar. “Polyphase Direct Current Saturated 
Inductance.” 

Royal Aircraft Establishment, Farnborough, Report No. EL 1361, Feb. “The 
Control of Alternator Frequency on the German Long-Range Rocket.” 

Ryder, J. D., AIEE Trans., Vol. 64, pp. 671-677, Oct. “Ferroinductance as a 
Variable Electric-Circuit Element.” 

Short, T. T., U.S. Pat. 2,367,625, 16 Jan. “Voltage Regulator Circuit.” 

' Spitzer, C. F., Jour. App. Phys., Vol. 16, Feb. “Sustained Subharmonics.” 

U.S. Naval Technical Mission in Europe, Technical Report No. 206-45, Sept. 
“Servos with Magnetic Amplifiers (Transductors).” 

Wickerham, W. R., U.S. Pat. 2,386,581, 9 Oct. “Hoist Control System.” 

Wickerham, W. R., AIEE Trans., Vol. 64, No. 3, PP. 98-102, Mar. “Variable- 
Unbalanced-Voltage Control.” 

Wrathall, L. R., Bell Labs. Rec., Jan. “FM Transceiver.” 


1946 

Bedford, B. D., U.S. Pat. 2,405,397, 6 Aug. “Electric Circuits.” 

Bixby, W. H., U.S. Pat. 2,409,610, 22 Oct. “Voltage Regulation.” 

Bozorth, R. M, Chesnut, F. T., Elman, G. W., Sanford, R. L., and Williams, 
W. D., Nav. Tech. Miss. Jap. Report X-34(N), 1946, Dept of Commerce PB 76031, 
1946. “Magnetic Development in Japan During World War II.” 

Buchhold, T., 6 May. “On the Theory of Magnetic Amplifiers.” 

Buchhold, T., German Pat., Bibliography of Scientific and Industrial Sioiita: 
Office ‘of Technical Services, U.S. Dept. of Commerce, Vol. 2, No. 5, p. 325, 
2 Aug. PB 12464. “Magnetic Amplifier.” 

Buchhold, T., German Pat., Bibliography of Scientific and Industrial Reports, 
Office of Technical Services, U.S. Dept. of Commerce, Vol. 2, No. 8, p. 562, 
23 Aug. 1946, PB 12487. “Magnetic Amplifier with Transverse Magnetization.” 

Buchhold, T., German Pat., Bibliography of Scientific and Industrial Reports, 
Office of Technical Services, U.S. Dept. of Commerce, Vol. 3, No. 7, _p. 524, 
15 Nov. PB 12488. “Magnetic Amplifier.” 

Cockrell, W. D., Electronic Industries, Vol. 5, pp. 48-53, Dec. “Saturable 
Reactors for Automatic Control.” 

Cox, J. H., and Myers, H. C., U.S. Pat. 2,397,089, 26 Mar. “Vapor-Electric 
System.” 

Ed., ASEA Jour., Nr. 1-3. “Transductor Type Voltage Regulators, Other Types 
of Transductor Regulators and Power Regulation.” 

Ganz, A. G., AIEE Trans., Vol. 65, pp. 177-183, Apr. “Applications of Thin 
Permalloy Tape i in Wide-Band Telephone and Pulse Transformers.” 

Hedding, L. K., U.S. Pat. 2,399,185, 30 Apr. “Regulating Apparatus.” 

Herz, A., U.S. Pat. 2,401,156, 28 May. “Electric Control System.” 
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MAGNETIC AMPLIFIERS 


Karplus, E., Electronics, Vol. 19, pp. 124-129, Nov. “Components of UHF Field 
Meters.” 

Krabbe, H., ASEA Tidning, 5, pp. 47-60, 1946. “Transduktorn-dess verknings- 
satt och anvandningsmojlighet.” 

Krusmann, A., U.S. Pat. 2,399,872, 7 May. “Electrically Operating Regulating 
Device.” 

Lamm, A. U., U.S. Pat. Reissue Re. 22,768, 25 June. “Direct Current Saturated 
Inductance with Relay Action”; from original U.S. Pat. 2,337,253, 21 Dec. 1943. 

Lamm, A. U., U.S. Pat. 2,403,891, 9 July. “Load Current Control.” 

Manley, J. M., and Peterson, E., AIEE Tech. Paper 46-120, May. “Negative 
Resistance Effects in Saturable Reactor Circuits.” 

Pettibone, G. H., U.S. Pat. 2,394,100, 5 Feb. “Electric Motor Control System.” 

Schoerer, L., La Radio en France, Vol. IV, p. 24. “Les Amplificateurs Mag- 
netiques.” 

Snoek, J. L., and duPre, F. K., Philips Tech. Rev., Vol. 8, pp. 57-64, Feb. 
“Several After-Effect Phenomena and Related Losses in Alternating Fields.” 

Snoek, J. L., Philips Tech. Rev., Vol. 8, pp. 353-360, Dec. “Non-Metallic Mate- 
rial for High Frequencies.” 

Thomas, H. A., Electronics, Vol. 19, pp. 130-131, Dec. “Electrometer Input 
Circuits.” 

Wickerham, W. R., U.S. Pat. 2,408,461, 1 Oct. “Control System.” 

Wrathall, L. R., Bell Labs. Rec., Vol. 24, pp. 102-105, Mar. “FM by Non- 
Linear Coils.” 

1947 

Alexanderson, E. F. W., and Mittag, A. H., U.S. Pat. 2,431,903, 2 Dec. “Elec- 
tric Control Circuits.” 

Anderson, W. C., U.S. Pat. 2,428,693, 7 Oct. “Voltage Control Apparatus.” 

Augier, J. A., U.S. Pat. 2,427,542, 16 Sept. “Electric Control Circuit.” 

Augier, J. A., U.S. Pat. 2,428,604, 7 Oct. “Means Producing a Steep Wave- 
Front Potential for Control of Electric Discharge Devices.” 

Beyer, R. T., Phys. Rev., Vol. 72, p. 522, 15 Sept. “Use of Magnetic Amplifiers 
in Computing Circuits.” 

BIOS Report, No. 1283, p. 60. “Magnetic Developments in Japan During World 
War II.” 

Boothby, O. L., and Bozorth, R. M., Jour. App. Phys., Vol. 18, pp. 173-176, 
Feb. “A New Magnetic Material of High Permeability.” 

Buchhold, T., 6 Feb. “Direct Current Premagnetized Reactors with and without 
Feedback” (translated by Priauf, J. B.). 

Casimir, H. B. G., Philips Res. Rpt., Vol. 2, pp. 42-54. “On the Theory of Eddy 
Currents in Ferromagnetic Materials.” 

Cobine, J. D. et al., JRE Proc., Vol. 35, pp. 1060-1067, Oct. Cee req 
Excitation of Iron Cores. “y 

Ed., ASEA Publication 7051 E/Reg 479, Mar. “The Transductor, Principle 
and Application.” 

Ed., ASEA Publication 7126 E/Reg 479. “The Transductor Applied to Elec- 
trical Measurement.” 

Ed., Electronics, Oct. “Reactance Amplifiers.” 

Edwards, M. A., and Ogle, H. M., U.S. Pat. 2,414,936, 28 Jan. “Follow-up 
Control System,” 

Edwards, M. A., U.S. Pat. 2,432,399, 9 Dec. “Electrical Control Device.” 

Embry, A. L., U.S. Pat. 2,422,958,24, June. “Saturable Reactor System.” 
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MAGNETIC AMPLIFIERS 


Falls, W. H., G.E. Rev., Vol. 50, pp. 34-38, Feb. “Reactifiers: Selenium and 
Copper Oxide.” 
Felch, E. P., et al., Elec. Eng., Vol. 66, pp. 680-685, July. “Air-Borne Mag- 
netometers.” 
FitzGerald, A. S., Jour. Franklin Inst., Vol. 244, No. 4, pp. 249-265, Oct. 
“Magnetic Amplifier Circuits, Neutral Type.” 
FitzGerald, A. S., Jour. Franklin Inst., Vol. 244, pp. 323-362, Nov. “Some 
Notes on the Design of Magnetic Amplifiers.” 
FitzGerald, A. S., Jour. Franklin Inst., Vol. 244, pp. 415-440, Dec. “Magnetic 
Amplifier Characteristics, Neutral Type.” 
Greene, W. E., Electronics, Vol. 20, pp. 124-128, Sept. “Applications of Mag- 
netic Amplifiers.” : 
Haug, E. H., U.S. Pat. 2,421,786, 10 June. “Circuit Control Apparatus.” 
Helber, C., Electronic Industries & Instrumentation, pp. 4, 5, 13, Dec. “Design- 
ing Saturable-Core Reactors for Specific Uses.” 
Helterline, L. L., Jr., Electronics, Vol. 20, pp. 96-97, June. “Diode-Controlled 
Voltage Regulators.” 
Helterline, L. L., Jr., Tele-Tech, Vol. 6, pp. 63-65, 106-107, July. “Design of 
Regulated Power Source.” 
Houck, G., Electronic Industries & Instrumentation, Dec., pp. 12-13. “Controlled 
Sources for Heavy Direct Currents.” 
Huge, H. M., U.S. Pat. 2,418,640, 8 Apr. “Frequency Changer.” 
Huge, H. M., U.S. Pat. 2,418,641, 8 Apr. “Frequency Changer.” 
Huge, H. M., U.S. Pat. 2,418,642, 8 Apr. “Frequency Reducer.” 
Huge, H. M., U.S. Pat. 2,418,643, 8 Apr. “Magnetic Frequency Changer.” 
Jenks, H. C., U.S. Pat. 2,420,881, 20 May. “Regulating System.” 
Kirschbaum, H. S., and Harder, E. L., AIEE Trans., Vol. 66, pp. 273-278, 1947. 
“Balanced Amplifiers Using Biased Saturable Core Reactors.” 
Kirschbaum, H. S., and Harder, E. L., ATEE Trans., Vol. 66, p. 748, 1947. 
“A Balanced Amplifier Using Biased Saturable Core Reactors”; also ATEE Tech. 
Paper 47-48, Jan. 
Krabbe, U. H., ASEA Jour., Vol. 20, p. 119, 1947. “The Transductor, Principle 
and Application.” 
Krabbe, U. H., and Hedstroem, S. E., ASEA Jour., Vol. 21, p. 3, 1947. “The 
Design of Transductor Circuits.” 
Lamm, A. U., AIEE Trans., Vol. 66, pp. 1078-1085, 1947. “Some Fundamentals 
of and Theory of the Transductor or Magnetic Amplifier”; also AIEE Tech. 
Paper 47-141, 1947. 
Lamm, A. U., AIEE meeting, Montreal, Canada, June. “Transconductor Funda- 
mentals.” 
Lang, K. A., U.S. Pat. 2,426,937, 2 Sept. “Current Control Apparatus.” 
Lee, R. ELECTRONIC TRANSFORMERS AND CIRCUITS, New York, 
John Wiley & Sons, Inc., 1947. 
Lobenstein, J., Machine Design, Vol. 19, No. 3, pp. 112-114, Mar. “Selenium 
Rectifiers.” 
Potter, J. A., U.S. Pat. 2,423,114, 1 July. “Voltage Regulated Rectifier Circuit.” 
Rex, H. B., Instruments, Vol. 20, pp. 1102-1109, Dec. “The Transductor.” 
Sack, H. S., Beyer, R. T., Miller, G. H., and Trischka, J. W., IRE Proc., Vol. 
35, No. 11, pp. 1375-1382 Nov. “Special Magnetic Amplifiers and Their Use in 
Computing Circuits.” 
Snoek, J. L, NEW DEVELOPMENTS IN FERROMAGNETIC MATE- 
RIALS, New York, Elsevier Publishing Co., 1947. 
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MAGNETIC AMPLIFIERS 


Vance, P. A., G.E. Rev., Vol. 50, No. 8, pp. 17-21, and No. 9, pp. 42-44, Aug. 
and Sept. “Saturable Reactors for Load Control, I and II.” 

VerPlanck, D. W., and Fishman, M., ONR Contract N6ori-47, Task Order V, 
Carnegie Inst. of Tech. Feb. “Magnetic Amplifiers Part I—The Steady State 
Performance of Magnetic Amplifiers without Feedback.” 

VerPlanck, D. W., and Fishman, M., ONR Contract N6ori-47, Task Order V, 
Carnegie Inst. of Tech. Aug. “Magnetic Amplifiers Part II—The Steady State 
Performance of Magnetic Amplifiers with Feedback. 

Verwey, E. J. W., Haayman, P. W., and Heilman, E. L., Philips Tech. Rev., 
Vol. 9, No. 6, pp. 185-190, 1947. “On the Crystalline Structure of Ferrites and 
Analogous Metal Oxides.” 

Verwey, E. J. W., Philips Tech. Rev., Vol. 9, No. 2, pp. 46-53, 1947. “Elec- 
tronic Conductivity of Non-Metallic Materials.” 

Walsh, P: J., U.S. Pat. 2,417,622, 18 Mar. “Converter System.” 

Wiegand, D. E., and Hansen, W. W., AIEE Trans., pp. 119, 1947. “A 60-Cycle 
Hysteresis Loop Tracer for Small Samples of Low Permeability Materials.” 

Zamsky, J., Elec. Engrg. Vol. 66, pp. 678-680, July. “A Cathode Ray B-H 


Tracer.” 
1948 


Astbury, N. F., Jour. 1.E.E., Part II, Vol. 95, pp. 607-616, Oct. “Some Aspects 
of the Theory of Iron-Testing by Wattmeter and Bridge Methods.” 

Bays, C. F., and Slater, D., Jour. ILE.E., Part I, Vol. 95, p. 92. Feb. “The Her- 
metic Sealing of Transformers and Chokes Used in Communication Equipment.” 

Beaumariage, D. C., ONR Contract N6ori-47, Task Order V, Carnegie Inst. 
of Tech., Apr. “Magnetic Amplifiers Part I1I—The Step by Step Calculation of 
a Magnetic Amplifier.” 

Bell, D. A., Wireless Engr., Vol. 25, pp. 303-304, Sept. “Simplified Magnetic 
Amplifier.” 

Black, A. O., Jr., Tech. Paper, Naval Ordnance Laboratory Magnetic Mate- 
rials Symposium, Washington, D. C., 15 June, reported in USNOL Report NOLR 
1091. “Magnetic Amplifier Development.” 

Black, A. O., Jr., Tech. Paper, Nat. Electronics Conf., Chicago, 6 Nov. “Influ- 
ence of Core Material on Magnetic Amplifier Design.” 

Both, E., Tech. Paper, Naval Ordnance Laboratory Magnetic Materials Sym- 
posium, Washington, D. C., 15 June, reported in USNOL Report NOLR 1091. 
“Some Factors Governing the Achievement of a Rectangular Hysteresis Loop.” 

Both, E., Tech. Memo. No. M-1155 GS—SigC—SCEL Fort Monmouth #6, 30 
Sept., SigC Proj. 152A, D.A. Proj. No. 3-99-15-021. “Magnetic Materials with a 
Rectangular Hysteresis Loop.” 

Brailsford, F., Jour. LE.E., Part II, Vol. 95, pp. 38-48, Feb. and Apr. “Inves- 
tigation of the Eddy-Current Anomaly i in Electrical Sheet Steels.” 

Butler, O. I., and Mang, C. Y., Jour. I.E.E., Part II, Vol. 95, pp. 15-24, Feb.; 
also, Jour. LEE, Part I, Apr. “The Effects of Overlapping Joints in Laminated 
Magnetic Cores on the M.M.F. and Power Required for Their A.C. Magnetiza- 
tion.” 

Butler, O. I., and Mang, C. Y., Jour. LE.E., Part II, pp. 25-37, Feb.; also Aug. 
“The Predetermination of the Magnetic Properties of Ferro-Magnetic Laminae 
at Power and Audio Frequencies.” 

Butler, O. I., Jour. LE-E., Part II, Vol. 95, pp. 627-635, Oct. “Polarization 
Phenomena in Nickel- Tron Alloys, and Their Effective Elimination.” 


946 


« 
p 

S 
al 

A 
Cc 
Cc 
P 

dt 
G 
S] 

of 
po 

Ce 

19 
vel 
Pp. 
Co 

] 

4 Sy: 


MAGNETIC AMPLIFIERS 


Ed., ASEA Publication, 713E/Reg 4795, 1948. “The Design of Transductor 
Circuits.” 

Ed., Bell Labs. Rec., pp. 111-113, Mar. “Supermalloy.” 

Ed., Elec. R., Vol. 143, pp. 880-881, 3. Dec. (London). “Magnetic Amplifier.” 

Ed., Elec. World, Vol. 130, p. 103, Sept.; also, Mach., Vol. 55, p. 178, Sept. 
“Magnetic Amplifiers for Industrial Controls, Permenorm 5000 Z.” 

Ed., Electronics, Vol. 21, No. 1, pp. 190-195, Jan. “Electromagnetic Amplifiers.” 

Ed., Electronics, Vol. 21, p. 128, Aug. “Improved Materials for Magnetic Am- 
plifiers.” 

Elmen, G. W., Tech. Paper, Naval Ordnance Laboratory Magnetic Materials 
Symposium, Washington, D. C., 15 June, reported in USNOL Report NOLR 1091. 
“Magnetic Program at the N aval Ordnance Laboratory.” 

Elmen, G. W., and Gaugler, E. A., Elec. Engrg, Vol. 7, pp. 843-845, Sept.; 
also Power Generation; Vol. 52, pp: 64-67, Sept. “Special Magnetic Alloys and 
Applications.” 

Finzi, L. A., and Beaumariage, D. C., ONR Contract N6ori-47, Task Order V, 
Carnegie Inst.. of Tech., Dec. “Magnetic Amplifiers Part V—Analytical Predeter- 
mination of the Steady State Characteristics of Magnetic Amplifiers.” 

Fishman, M., and Beaumariage, D. C., ONR Contract N6ori-47, Task Order V, 
Carnegie Inst. of Tech., Aug. “Magnetic Amplifiers Part IV—The Steady. State 
Performance of Magnetic Amplifiers with Self-Feedback.” 

Gaugler, E. A., Tech. Paper, Naval Ordnance Laboratory Magnetic Materials 
Symposium, Washington, D. C., 15 June, reported in USNOL Report NOLR 1091. 
“Processing of Magnetic Materials at the Naval Ordnance Laboratory.” 

Greig, J., and Kayser, H., Jour. I.E.E., Part II, Vol. 95, pp. 205-216, Apr. 
“Tron-Loss Measurements by A. C. Bridge and Calorimeter.” 

Hedstroem, S. E., and Borg, L. F., Electronics, Vol. 21, pp. 88-93, Sept. “Trans- 
ductor Fundamentals.” 

Institute of Radio Engineers, STANDARDS ON ABBREVIATIONS, 
GRAPHICAL SYMBOLS, LETTER SYMBOLS, AND MATHEMATICAL 
SIGNS, New York, I.R.E., 1948. 

Jaffee, R. J., Jour. App. Phys., Vol. 19, pp. 867-870, Oct. “Magnetic Preguitics 
of Ordered Nickel-Manganese Alloys.” 

Jensen, O., Tech. Paper, Naval Ordnance Laboratory Magnetic Materials Sym- 
posium, Washington, D. C., 15 June, reported in USNOL Report NOLR 1091. 
“The Mechanical Rectifier.” 

Kirschbaum, H. S., and Warren, C. E., Ohio State U. Research Foundation 
Contract W28-099 ac-118, 30 Nov. “Final Report on Pulse Transformers.” 

Lamm, A. U.. THE TRANSDUCTOR, 2nd Ed., Stockholm, Esselte Aktiebolag, 
1948. 

Lamson, H. W., IRE Proc., Vol. 36, pp. 266-277, Feb. “A-C Measurements of 
Magnetic Properties.” 

Lamson, H. W., Gen. Rad. Exp., Vol. 23, No. 3, Aug. “The Type 1670-A 
Magnetic Test Set.” 

Lerstrup, K., U.S. Pat. 2,434,214, 6 Jan. “Protective System for Current Con- 
verters Utilizing Differentially Connected Saturable Reactors.” 

Lindenhovius, H. J., and van der Breggen, J. C., Philips Res. Rpt. ».Vol. 3, 
pp. 37-45, 1948. “The Measurement of Permeability and Magnetic ‘Losses of Non- 
Conducting Ferromagnetic Material at High Frequencies.” 

Logan, F. G., Tech. Paper, Naval Ordnance Laboratory Magnetic Materials 
Symposium, Washington, D. C., 15 June, reported in USNOL repont NOLR 1091. 
“Saturable Reactor and Magnetic Amplifier Circuits.” 
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Logan, F. G., Electronics, Vol. 21, pp. 104-109, Oct. “Saturable Reactors and * 


Magnetic Amplifiers.” 

Martindale, R. G., Jour. I.E.E., Part II, Vol. 95, pp. 620-626, Oct. “Anisotropic 
Strains Produced by Surface Abrasion, and Their Effect on the Magnetic Prop- 
erties of Silicon Sheet Steel.” 

Oliver, B. M., IRE Proc., Vol. 36, pp. 466-473, Apr. “Automatic Volume Con- 
trol as a Feedback Problem.” 

Rex, H. B., Instruments, Vol. 21, No. 4, pp. 332, 352-362, Apr. “Bibliography 
of Transductors, Magnetic Amplifiers, Etc.” 

Rideout, V. C., Bell Syst. Tech. Jour., Vol. 27, pp. 96-108, Jan. “Parallel-Tuned 
Transformer Design.” 

Roston, B., Jour. I.E.E., Part II, pp. 653-667, Dec. “Development of Locators 
of Small Metallic Bodies Buried in the Ground.” 

Saretzky, S., U.S. Pat. 2,437,837, 16 Mar. “Voltage Regulator.” 

Smith, E. H. F., Jour. Sci. Inst., Vol. 25, No. 8, pp. 268-272, Aug. “The Theory 
of Magnetic Amplifiers and Some Recent Developments.” 

Spencer, F. L., Jr., BuShips, Navy Dept., Contract NObs. 45156. “Summary 
Report No. 1, First Phase of Contract NObs 45156 with Addendum Vol. 1 and 
with Addendum Vol. 2” (Bibliography). 

Studders, R. J., Prod. Engrz., Vol. 19, pp. 120-122, Feb. “Permanent Magnets 
of Sintered Oxides.” 

Tweedy, S. E., Electronic Engrg., Vol. 20, pp. 38-43, 84-88, Feb. and Mar. 
‘Magnetic Amplifiers.” Discussion, May. 

Vickers Electric Division, Vickers, Inc., Bulletin No. VT-2000, 1948. “Magnetic 
Amplifiers—Circuits, Characteristics, Applications.” 

Walsh, P. J., U.S. Pat. 2,435,062, 27 Jan. “Rectifier System.” 

Ward Leonard Electric Co., Navy Dept., BuShips, Section 660E2, Contract 
No. NObs-45340, Task Order No. 1, 27 Aug. “Investigation and Development of 
Magnetic Amplifiers.” 

Wright, J. H., G.E. Rev., Vol. 51, pp. 36-38, Nov. “Single-Turn A-C Ring 
Tester for Magnetic Laminations.” 

1949 

Blake, L. R., Proc. I.E.E., Part II, Vol. 96, pp. 705-718, Oct. “The Eddy- 
Current Anomaly in Ferromagnetic Laminae at High Rates of Change of Flux.” 

Borg, L. F., Proc. I.E.E., Vol. 96, Part II, pp. 316-318, Apr. “Some Aspects of 
Magnetic Materials Used in Transductors.” 

Brockman, F. G., Elec. Engrg., Vol. 68, No. 12, pp. 1077-1080, Dec. “Magnetic 
Ferrites for High-Frequency Uses.” 

Buechler, L. W., Elec. Engrg., Vol. 68, No. 1, pp. 33-37, Jan. “Magnetic Ampli- 
fiers for Naval Shipboard Applications”; also, excerpts, Elec. World, Vol. 130, 
p. 117, 6 Nov. 1948. 

Cooper, W. H. B., Proc. 1.E.E., Part II, Vol. 96, pp. 509-517, June. “An 
Approach to the Operation of Inductors and Transformers in Terms of the Field 
Impedance.” 

DeBarr, A. E., Proc. I.E.E., Part II, Vol. 96, pp. 719-728, Oct. “Magnetic 
Anistrophy in Cold-Reduced Electrical Sheet Steel.” 

Dijkstra, L. J., and Snoek, J. L., Philips Res. Rpt., Vol. 4, No. 5, pp. 334-356, 
Oct. “On the Propagation of Large Barkhausen Discontinuities in Ni-Fe Alloys.” 

Dornhoefer, W. J., Elec. Engrg., Vol. 68, p. 988, Nov. “Self-Saturation in 
Magnetic Amplifiers” ; AIEE Tech. paper 49-140, May. - 

Ed., Materials and Methods, Vol. 29, pp. 54-55, June. “Nonmetallic Materials 
Developed with Improved Magretic Properties.” 
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Ed., Metallurgia, Vol. 41, p. 34, Nov. “Magnetic Amplifiers for Thermo- 
couples.” 

Ed., Proc. I.E.E., Part II, Vol. 96, pp. 767-768, Oct. “Magnetic Amplifiers.” 

Esselman, W., and Smith, E. J., Report R-196-49, PIB-140, 13 Apr. Contract 
N6ori-98, Task Order IV, Microwave Research Institute. 

Feldtkeller, F., Frequenz, Vol. 3, No. 4, pp. 111-116, Apr. “Permeability and 
Eddy Currents in Sheet Metal Cores at Very High Frequencies.” 

FitzGerald, A. S., U.S. Pat. 2,461,046, 8 Feb. “Magnetic Amplifier System.” 

FitzGerald, A. S., U.S. Pat. 2,464,639, 15 Mar. “Magnetic Amplifier.” 

FitzGerald, A. S., Jour. Franklin Inst., Vol. 247, pp. 223-243, Mar. “Feedback 
in Magnetic Amplifiers, Part I.” 

FitzGerald, A. S., Jour. Franklin Inst., Vol. 247, pp. 457-471, May. “Feedback 
in Magnetic Amplifiers, Part II.” 

Gale, H. M., and Atkinson, P. D., Proc. I.E.E., Part I, Vol. 96, pp. 99-114, 
May, Continued Proc. I.E.E., Part II, Vol. 96, pp. 339-354, June; Discussion Proc. 
LE.E., Part I, Vol. 96, pp. 115-124, May; Proc. I.E.E., Part II, Vol. 96, pp. 355- 
364, and Proc. I.E.E., Vol. 97, Part II, pp. 14-16, Feb. 1950. “Theoretical and 
Experimental Study of the Series-Connected Magnetic Amplifier.” 

Gaugler, E. A., Prod. Engrg., Vol. 20, pp. 84-89, July. “Soft Magnetic Mate- 
rials.” 

Gould, H. L. B., AIEE Tech. Paper 50-101, Dec. “Magnetic Cores of Thin Tape 
Insulated by Cataphoresis.” 

Grieg, J., Nature, Vol. 163, p. 501, 26 Mar. “Magnetic Amplifiers.” 

Guicherd, J. S., and Grivet, P., C. R. Acad. Sci., Paris, Vol. 228, No. 23, p. 1796, 
8 June. “On the Measurement of Magnetic Permeability at Ultra-High Fre- 
quency.” 

Harder, W. L., Hamilton, W. H., and Aldrich, D. F., Proc. Nat. Electronics 
Conf., Vol. 5. “Magnetic Amplifier Studies on the Analog Computer.” 

Johnson, W. C., Merrell, B. C., and Alley, R. E., Jr., Elec. Engrg., Vol. 68, 
No. 5, p. 417, May. “Universal Curves for D-C Reactors”; also, AIEE Tech. Paper 
49-4, 4 Feb. 

Johnson, W. C., and Latson, F. W., AIEE Tech. Paper 50-94, Dec. “An Analysis 
of Transients and Feedback in Magnetic Amplifiers.” 

Kierstead, F. H., and Thomason, J. L.. AIEE Tech. Paper 49-190, May. 
“Standardization of Reactor Ratings.” 

Kingston, R. H., IRE Proc., Vol. 37, pp. 1478-1481, Dec. “Resonant Circuits 
with Time Varying Parameters.” 

Kintner, P. M., and Fett, G. H., Radio and TV News (Radio-Electronic Engi- 
neering Edition), Vob. 13, No. 2, pp. 14-18, 26-28 Aug. Engineering Section. “The 
Magnetic Amplifier.” 

Kirschbaum, H. S., and Warren, C. E., AIEE Tech. Paper 49-198, May. “A 
Method for Designing Pulse Transformers.” 

Kittel, C., Rev. Mod. Phys., Vol. 21, pp. 541-583, Oct. “Physical Theory of 
Electromagnetic Domains.” 

Kriessman, C. J., Jr., Naval Ordnance Lab. Memo. No. NOIM 10496, 26 Sept. 
“Collected Data on the Magnetic Properties of Non-Metallic Compounds.” 

Krumhansl, J. A., and Beyer, R. T., Jour. App. Phys., Vol. 20, pp. 432-436, 
May, and pp. 582-586, June. “Barkhausen Noise and Magnetic Amplifiers : I Theory 
of Magnetic Amplifiers, II. Analysis of the Noise.” 

Landon, V. D., RCA Rev., Vol X, pp. 387-396, Sept. “The Use of Ferrite Cored 
Coils as Converters, Amplifiers, and Oscillators.” 
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MAGNETIC AMPLIFIERS 


McClure, F. N, Westinghouse Engr., Vol. 9, pp. 92-96, May. “Amplification by 
Magnetization.” 

Miles, J. G., BuShips, Navy Dept., Contract NObsr-42001, Engineering Re- 
search Associates, Inc: 17 June. “Saturable Core Reactors as Digital Computer 
Elements.” 

Milnes, A. G., Proc. I.E.E., Part I, Vol. 96, pp. 89-98, 115-124, May, Proc. 
LEE., Part II, pp. 329-338, 255-364, June. “Magnetic Amplifiers” ; also Abstracts : 
Elec. R. Vol. 143, p. 899, 10 Dec. 1948; Electrician, Vol. 141, p. 1739, 10 Dec. 
1948; also Discussion: Elec. R., Vol. 143, pp. 899-900, 10 Dec. 1948; Electrician, 
Vol. 141, pp. 1739-1740, 10 Dec. 1948; Electrician, Vol. 142, p. 1120, 15 Apr. 

Morgan, R. E., AIEE Tech. Paper 49-183, May. “The she os 3 © Operation 
of the Amplistat—A Magnetic Amplifier.” 

Morgan, R. E., Elec. _Engrg., Vol. 68, pp. 663-667, Aug. “Arnplistat A Mag- 
netic Amplifier.” 

Priest, J. E., Machine Design, Vol. 21, p. 208, Aug. Elec. World, Vol. 132, p. 
94, 16 July. “Magnetic Amplifier Increases Speed Range of Motor.” 

Rudenberg, R., AIEE Tech. Paper, 49-170, May. “Non-Harmonic Oaciliatidns as 
Caused by Magnetic Saturation.” 

Scholefield, H. H., Jour. Sci. Instr., Vol. 26, No. 6, pp. 207-209, June. “A Restet 
Development in Soft Magnetic Materials.” 

Smith, E. H. F., Jour. of British Institution of Radio Engrgs., Dec. “An Experi- 
mental Study of. the Magnetic Amplifier and the Effects of Supply Frequency on 
Performance.” 

Smith, H. J., and Ford, J. W., Cornell Aero, Lab. Rept. No. UA-514-P-1, 23 
Aug. “Magnetic Amplifiers.” ’ 

Snyder, C. L., Schoenberg, E. A., and Goldsmith, H. A., Elec. Mfg., Dec. 
“Magnetic-Ferrites—-Core Materials for High Frequencies.” 

Steinitz, R., Metal Progress, Vol. 55, No. 6, pp. 858, June. “Magnets ra Pos 
Iron Powder.” 

Torsch, C. E., Tele-Tech, Vol. 8, pp. 23-25, 49, Dec. Vol. 9, pp. 34-35, Jan. 1950. 
“A Universal Ceramic Core Sweep Transformer.” ‘ 
Tweedy, S. E., U.S. Pat. 2,475,575, 5 July. “Magnetic Amplifying Circuits.” 

Ver Planck, D. W., Finzi, L. A., and Beaumariage, D. C., AIEE Tech.-Paper, 
49-139, May. “Analytical Determination of Characteristics of Magnetic Amplifiers 
with Feedback.” 

Ver Planck, D. W., Fishman, M., and Beaumariage, D. C., IRE Proc., Vol. 37, 
pp. 862-866, Aug. “Analysis of Magnetic Amplifiers with Feedback”; also, Nat'l 
Electronics Conf., Chicago, 6 Nov. 1948. 

Ver Planck, D. W., and Fishman, M., IRE Proc., Vol. 37, pp. 1021-1027, Sept. 
“Analysis of Interlinked Electric and Magnetic Networks with Application to 
Magnetic Amplifiers”; also, Nat’l Electronics Conf., Chicago, 6 Nov. 1948. 

Ver Planck, D. W., Finzi, L. A., and Beaumariage, D. C., ATEE Tech Paper 
aay Dec. “An Analysis of Transients in Magnetic Amplifiers.” 


1950 

Adams, J. Q., U.S. Pat. 2,498,475, 21.Feb. “Saturable Magnetic Core.” 

American Rolling Mills Co., Progress Report No. 17, Armco-Navy Contract 
NOa(s) 8944 Development of Magnetic Materials, 14 Mar. “Improved Core Mate- 
rial for 400-Cycle Airborne Power Transformers.” 

Astbury, N. F., Emmerson, T., and McFarlane, J., Proc. I.E.E., Part II, P. 221, 
Apr. “Routine Testing Equipment for Transformer Steels.” 
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MAGNETIC AMPLIFIERS 


_Banos, A., Jr., AIEE Conf. Paper, 12 June, ‘ “Theory of the No Load Character- 
istics of Highly Saturable Reactors with Hysteresis.” 
,Beljers, H. G., Snoek, J. L., Phil. Tech. Rev., Vol. 11, No. 11, pp. 313-322, May. 
“Gyromagnetic Phenomena Occurring with Ferrites.” 
Beyer, R. T., and Wei, M. Y., Jour. Franklin Inst., Vol. 250, No. 1, pp. 25-37, 
July. “An Extension of a Theory of Magnetic Amplifiers. " 
Bozorth, R. M., Bell Syst. Tech. Jour., Vol. 29, pp. 251-286, Apr. “Factors 
Affecting Magnetic Quality.” 
Breunich, T. R., Prod. Engrg., Vol. 21, No. 7, pp. 113-117, July. “Sensing Small 
Motions: (1) With Variable Reactors, (2) With Differential Transformers.” 
Butler, O. I., Proc. I.E.E., Part II, Vol. 97, No. 56, p. 215, Apr. “The Use of 
a Miniature Lloyd-Fisher Square for Power-Loss Measurements at Audio Fre- 
quencies.” 
Cartier, R. O., Proc. I.E.E., Part II, Vol. 97, No. 56, p. 199, Apr. “The Incre- 
mental Magnetic "Properties of ‘Silicon-Iron Alloys.” 
Castellini, N. R., IRE Proc., Vol. 38, pp. 151-158, Feb. “The Magnetic Aig 
fier.” 
Castellini, N. R., Nat’l. Electronics Conf., Chicago, Sept. “Noise Figure of the 
Magnetic Amplifier.” 
Cioffi, P. P., Rev. Sci. Inst., Vol. 21, No. 7, pp. 624-628, July. “Recording Flux- 
meter of High Accuracy and Sensitivity.” 
Cohen, S., Tech. Paper, IRE Nat’l Convention, 8 Mar. “Analysis and Design 
of Self- Saturable Magnetic Amplifiers.” 
Ed., Proc. I.E.E., Part II, Vol. 97, pp. 14-16, Feb. “A Theoretical and Experi- 
mental Study of the "Series- Connected Magnetic Amplifier.” 
Ed., Proc. I.E.E., Part I, Vol. 97, pp. 85-88, Mar. “A Theoretical and Experi- 
mental Study of the Series- Connected Magnetic Amplifier.” 
Ed., Proc. I.E.E., Part II, Vol. 97, pp. 118-274, Apr. “Symposium of Papers on 
Ferromagnetic Materials.” 
Feinberg, R., Wireless Engr., Vol. 27, pp. 118-124, Apr. “The Magnetic Ampli- 
fier, Transductor Theory.” ies 
Field, R. F., Tech. Paper, IRE Nat’l Convention, 8 Mar. “Tnductors, Their 
Calculation and Losses.” 
Finzi, L. A., and Beaumariage, D. C., ATEE Conf. Paper, New York, : Feb. 
“Dimensionless Characteristics of Magnetic Amplifiers.” 
Finzi, L. A., and Beaumariage, D. C., Tech. Paper 50-148, AIEE Mesting, 
Pasadena, 12 Jume. “General Characteristics of Magnetic Amplifiers.” 
Forssell, H., U.S. Pat. 2,504,675, 18 Apr. “Magnetic Amplifier for‘ Rerversible 
Currents.” 
Geyger, W. A., AIEE Tech. Paper 50-93, 30 Jan. “Magnetic Amplifiers of the 
Balance Detector Type—Their Basic Principles, Characteristics and Applications.” 
Geyger, W. A., Elec. Engrg., Vol. 69, p. 459, May. “Magnetic Amplifiers of the 
Balance Detector Type.” (Digest of AIEE Tech. Paper 50-93 referenced above.) 
Geyger, W. A., Nat'l Electronics Conf. Chicago, Sept. “Magnetic Amplifiers 
with Orthonol Tape Cores.” 
Glass, P., U.S. Pat. 2,493,130, 3 Jan. “Selective Output Saturable Reactor Ampli- 
fier Circuit.” 
Gould, H. L. B., Elec. Engrg., Vol. 69, p. 544, June. “Magnetic Cores of Thin 
Tape Insulated by Cataphoresis. 4 
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Graves, W. L. O., and Ogle, H. M., Prod. Engrg., Vol. 21, pp. 81-84, Feb. 
“D-C Control with Amplistats.” 

Graves, W. L. O., U.S. Pat. 2,516,563, 25 July. “Magnetic Amplifier for Induc- 
tive Loads.” 

Halacsy, A. A., Proc. I.E.E., Part I, Vol. 97, pp. 37-42, Mar. “Practical Cal- 
culation of Magnetizing Force.” 

Halsey, R. J., Proc. I.E.E., Part II, Vol. 97, No. 56, p. 141, Apr. “Laminated 
Ferromagnetic Cores at Very Low Inductions for Use in Line Communication.” 

Harder, E. L., and Horton, W. F., Tech. Paper 50-177, AIEE Meeting, Pasa- 
dena, 12 June. “Response Time of Magnetic Amplifiers.” 

Hart, J. E.. AIEE Conf., Paper, New York, 1 Feb. “A Method for the Design 
and Rating of Saturable Reactors.” 

Hart, S. V., U.S. Pat. 2,497,218, 14 Feb. “Saturable Reactor System.” 

Harvard U. Computation Lab. Staff, USAF Contracts W-19-122-ac-24 and 
AF-33(038)9461, Progress Reports Nos. 2 thru 10, 10 Aug. 1948 to 10 Aug. 
“Investigations for Design of Digital Calculating Machinery.” 

Hedstrom, S. E., U.S. Pat. 2,509,864, 30 May. “Electromagnetic Amplifier.” 

Hedstrom, S. E., and Svensson, R., U.S. Pat. 2,509,865, 30 May. “Frequency 
Compensated Saturable Reactor System.” 

Johnson, L. J., and Schafer, H. G., Elec. Engrg., Vol. 69, p. 445, May. “A 
Magnetic Amplifier Frequency Control.” (Also, AIEE Tech. Paper 50-95, Dec. 
1949.) 

Johnson, W. C., and Latson, F. W., Elec. Engrg., Vol. 69, pp. 353-359, Apr. 
“Analysis of Transients and Feedback in Magnetic Amplifiers.” 

Kauke, J., Radio & TV News, Vol. 43, pp. 64-65, May. “Experimental Magnetic- 
Type DC-AC Signal Inverter.” 

Lamson, H. W., Tele-Tech, Vol. 9, p. 32, May. “Advantages of Toroidal Trans- 
formers in Communication Engineering.” 

Latimer, K. E., and MacDonald, H. B., Proc. I.E.E., Part II, Vol. 97, No. 56, 
p. 257, Apr. “A Survey of the Possible Applications of Ferrites.” 

Lee, R. E., AIEE Tech. Paper, Jackson, Mich., 11 May. “Comparison of 
Graphical Analysis of Magnetic and Vacuum Tube Amplifiers.” 

Lord, H. W., U.S. Pat. 2,509,005, 23 May. “Flashtube Triggering Circuits.” 

Lord, H. W., U.S. Pat. 2,509,738, 30 May. “Balanced Magnetic Amplifier.” 

Lord, H. W., AIEE Tech. Paper 50-159, 12 June, Pasadena. “The Design of 
Broadband Transformers for Linear Electronic Circuits.” 

McClure, F. N., Elec. Engrg., Vol. 69, p. 538, June. “Application of Magnetic 
Amplifiers.” 

Meador, J. R., Elec. Engrg., Vol. 69, p. 52, Jan. “The Use of Thyrite in Power 
Transformers.” 

Melville, W. S., Proc. I.E.E., Part II, Vol. 97, No. 56, p. 165, Apr. “The Meas- 
urement and Calculation of Pu'se Magnetization Characteristics of Nickel Irons 
from 0.1 to 5 Microseconds.” 

Morgan, R. E., Ogle, H. M., Wattenberg, V. J.. AIEE Tech. Paper 50-156, 12 
June, Pasadena, “The Extension of Amplistat Performance by Alternating Cur- 
rent Components.” 

Morrill, W., G.E. Rev., Vol. 53, No. 8, pp. 16-21, Aug. “Oriented Crystals ; 
Their Growth and Their Effects on Magnetic Properties.” 

Ogle, H. M., GE. Rev., Vol. 53, No. 2, pp. 32-35, Feb. and No. 8, pp. 41-44, 
Aug. “The Amplistat and its Application, Parts I, II” (to be continued). 

Phillips, F. M., Proc. I.E-E., Part III, Vol. 97, pp. 77-87, Mar. “The Eddy- 
Current and Screen Losses of a Screened Single-Layer Solenoid.” 
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MAGNETIC AMPLIFIERS 


Be on D., Proc. L.E.E., Part II, Vol. 97, No. 56, p. 246, Apr. “Ferrite Mate- 
rials.” 
Randall, W. F., and Schoelfield, H. H., Proc. I.E.E., Part II, Vol. 97, No. 56, 
p. 133, Apr. “Some Metallurgical and Structural Factors Affecting Properties of 
Soft Magnetic Materials.” 
Richards, C. E., Buckley, S. E., Bardell, P., and Lynch, M. A., Proc. LEE., 
Part II, Vol. 97, No. 56, p. 236, Apr. “Some Properties and Tests of Magnetic 
Powders and Powder Cores.” 
Stewart, K. H., Proc. I.E.E., Part II, Vol. 97, No. 56, p. 121, Apr. “Losses in 
Electrical Sheet Steel.” 
Storm, H. F., AIEE Paper 50-123, 11 May, Jackson, Mich. “Series Connected 
Saturable Reactor with Control Source of Comparatively Low Impedance” (to 
be published in AIEE Trans.). 
Thompson, R. L., U.S. Pat. 2,519,513, 22 Aug. “Binary Counting Circuit.” 
Wang, A., and Woo, W. D., Jour. App. Phys., Vol. 21, pp. 49-54, Jan. “Static 
Magnetic Storage and Delay Line.” 
Wang, A., Tech. Paper, IRE Nat’l Conv., 8 Mar. “Static Magnetic Pulse Con- 
trol and Information Storage.” 
Wang, A., IRE Proc., Vol. 38, No. 6, pp. 626-629, June. “Magnetic Triggers.” 
Williams, F. C., and Noble, S. W., Elec. Record, Vol. 146, p. 466, 10 Mar. 
Abstract: “Magnetic Amplifiers ; Second Harmonic Modulators.” 
Wolff, J. L., Nat’l Electronics Conf., Chicago, Sept. “Magnetic Amplifier Volt- 
age Regulator.” 
Zadeh, L. A., IRE Nat’l Conv., New York. “Frequency Analysis of Variable 
Networks.” 
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Albers-Schornberg, Gen. Ceramics & Steatite Corp., Ceramic Age, Oct. 1950. 
“Ferromagnetic Oxide Bodies—A counterpart to the Ceramic Dielectrics.” 
Allam, Lt. H., RN, 472.5, British Naval Gunnery Mission, Spec. Tech. Rept. 
No. 8. “Description of a Graphical Method of Calculating a Transductor.” 
Askania Regulator Co., Supp. Rept., Contr. NObs-20970. “Reactor Drive for 
Operation of Fuel Pumps.” 
Baranawski, J., RAE Rept. No. EL 1392, May 1946. “German Two Stage Mag. 
Amps. used in Blind Landing Equipment.” 
B105, Final Rept. No. 864, Item Nos. 1 and 7, M-473-47. 
Carnegie Inst. of Tech., Rept. on Contr. N6ori-47, Mag. Amps.—Part I. “The 
Steady State Performance of Mag. Amps. Without Feedback.” 
Carnegie Inst. of Tech., Rept. on Contr. N6ori-47, Mag Amps.—Part II. “The 
Steady State Performance of Mag. Amps. With Feedback.” 
Easelman, Walter H., Tech. Paper 51-72, AIEL Meeting, New York, N. Y., 
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NOTE: The 1950/51 Bibliography is incomplete. 
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PART TWO 
REPRINTED ARTICLES 


The articles contained in this Part Two represent those which. 
in the opinion of the editorial staff, are the most valuable which 
have been gleaned from recent issues of contemporary publications. 

This material was formerly published under the heading 
“NOTES”. It has been given somewhat more prominence and 
made more readable to enhance its value. The editors’ purpose 
here is to provide a convenient repository to readers of the 
Journat, for articles originally published elsewhere which con- 
tribute to the purpose of the Society: to further the advancement. 
of naval engineering. 
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SHIPYARDS—BIGGEST WEAKNESS IN 
OUR WAR POTENTIAL? 


gram in this country. 
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This is a story that can be told in 
many ways and should be told often. 
It can be told in terms of Joe the welder 
who lost his job, Joe the seaman second 
or G.I., and Joe in the Kremlin smiling 
behind his heavy mustache. It can be 
told in dry statistics on keels laid, con- 
struction completed or canceled, gross 
tonnage, displacement tonnage—or in 
the uncounted moments of a man strug- 
gling in a lonely sea to hold to a liferaft 
slippery with oil, and another man on a 
far distant hillside fingering his last 
handful of cartridges and wondering 
how soon the next enemy rush will 
come. 

It is a story of some ships built in 
time, some ships built too late to serve 
their intended purpose, and some never 
built at all; of 1,200,000 shipyard 
workers who helped to win the biggest 
war in history and in doing so helped 


themselves out of jobs and onto the side- 
walks; of popular economies and short- 
sighted policies that cause a great nation 
to grow fat at the waist and at the same 
time short of reach when it has to punch 
back. 


It is anything but a happy story, and 
it may be very sad indeed for thousands 
like the man struggling with the liferaft 
or the man on the hillside counting his 
cartridges. On every field where fighting 
men are forced to wait for aid from 
overseas, it may mean a desperation that 
is blood kin to Bataan and its bitter 
downfall, to Guadalcanal with its heavy 
nearness of defeat, and to Korea with its 
painful reverses. At home it is the story 
of our private shipyards—how they have 
become the Forgotten Industry in our 
national defense setup and whether we 
have remembered them in time. 


LOGISTICS—MORE TONNAGE OVER MORE THOUSANDS OF MILES? 


Not even the best military brains in 
the world can predict the course of a 
war with assurance. The unexpected is 
one of the things that makes warfare so 
costly ; either you spend prodigiously to 
be prepared on many fronts in many 
ways or you gamble on being ready 
only on a limited basis and accept your 


risks accordingly. The American way 
throughout most of the nation’s military 
history has been to gamble heavily. 
Time and again, the nation’s gambling 
debts have been paid in lives instead of 
dollars. 

Both in human risks and in cold cash, 
war never has been costlier than it is 
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today. Never have civilian populations 
been so endangered. Never has there 
been so much for the defense dollar to 
buy, or so many places to spend it. The 
rows of billion-dollar figures lose all 
meaning to the average American except 
to make him feel that we are spending 
fabulously and should be getting every- 
thing that the national defense requires. 
The Korean conflict quickly brought an 
awareness that much of our expenditure 
and effort up to that point went for 
pilot models, piecemeal material replace- 
ment, and the development of capacity 
to produce new weapons rather than for 
stockpiling such weapons. Yet there 
remains a feeling that we shall measure 
up adequately in armaments before long. 
Granted that such a comforting situation 
may come to pass, it still carries us only 
to our own water’s edge in a global war. 


An allout war that flames in many 
places at once can confront the logistics 
planners with the most nightmarish 
shipping problems imaginable. Unless 
hostilities come on the installment plan 
—a small invasion here, a minor aggres- 
sion there—the transportation problems 
of a global war may resemble those of 
World War II much multiplied in vol- 
ume. Routes. and distances will be much 
the same as in 1942-45: Some 3500 miles 
across the Atlantic, nearly twice that to 
Japan and the Far East, and along 
whatever route is open to Iran and the 
rumbling under-belly of Asia. The 
similarity ends, however, when one 
turns from charts and routes to loading 
tables and cargo tonnage. 


As American forces closed in around 
Japan in the recent war, this country 
found itself shipping more than 600,000 
tons of war material a month into the 
Pacific. In the shore bombardment and 
sea operations around Okinawa alone, 
the Navy fired 50,000 tons of five-inch 
to sixteen-inch ammunition. Impressive 
though these figures are, they appear to 
be as obsolete as a muzzle-loader in the 
light of present-day needs. A recently 
published estimate places the amount of 


shipping necessary to transport a single 
armored division—men, tanks, and other 
gear, and supplies for an unstated but 
probably brief period—at 250,000 tons. 
The estimate was based on tanks of 
models now in use. If the Armored 
Forces’ experience with Russian-made 
tanks in Korea means anything, Ameri- 
can tanks will be larger and heavier in 
the near future. Their guns, and most 
other field and air armaments, will be 
larger and will fire a greater weight of 
projectiles at a faster rate, making 
munitions tonnages soar. 


In the event of fresh Soviet-inspired 
aggressions across the European-Asiatic 
land mass, many types of United States 
planes can be flown across to prepared 
fields under their own power. Aerial 
tankers and transport planes are a 
further help in moving urgently-needed 
fuel, personnel, and compact supplies. 
To that extent, progress has relieved 
the strain on waterborne shipping. Once . 
based abroad, however, our planes can 
operate for only limited periods on avail- 
able stores of fuel and munitions. Fast 
convoys of tankers and the latest cargo 
ships may well fight through and supply 
immediate needs of the Air Force and 
other branches. But waterborne trans- 
portation is as essential as ever to any 
large-scale sustained war effort—a fact 
which appears to have escaped most of 
the American people and perhaps some 
of their leaders. 


Not until the Korean war bogged 
down in material shortages did the over- 
all shipping situation receive much pub- 
lic attention. Then, typically, there were 
confused pros and cons. Although the 
Korean deficiencies were not due to lack 
of transportation, part of the press made 
it appear that the nation lacked suffi- 
cient cargo ships to meet even that rela- 
tively small movement. There were re- 
ports that the embarkation of the First 
Marine Division was held up by inade- 
quate transportation. The Military Sea 
Transportation Service, a unified water 
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transport for all branches, headed by 
Rear Admiral William M. Callaghan, 
U. S.. Navy, cleared the air by an- 
nouncing that no shortage of ships for 
Korea existed and that MSTS was time- 
chartering vessels from commercial 
operators under normal procedure to 
augment..its own fleet of fifty trans- 
ports, forty-eight tankers, and’ twenty- 
five cargo-ships, plus fifty-one smaller 
craft. at 

At about’the same time, the All 


America Defense Association, headed by 
Robert K. Christenberry, a New York 
hotel executive, called for a careful study 
of the American merchant marine and 
its wartime capacity. “Since the end 
of World War Two,” Christenberry 
charged, “the merchant marine has been 
cut adrift.” He said there was grave 
doubt that the merchant marine could 
meet the transoceanic demands of an 
allout war without accelerated ship- 
building. 


«SHIPPING LOSSES IN PAST WARS, A YARDSTICK 


Anyone who could prophesy shipping 
losses in a global war might also come 
uncannily close to predicting the out- 
come of the war. In the absence of such 
a seer, one imperfect yardstick is avail- 
able in the form of. our losses in two 
previous World Wars. These figures, 
however, should be handled with care. 
Anyone applying them should take into 
consideration a number of strategic fac- 
tors: (1) The fact that Germany’s U- 
boat campaign off American shores in 
World War I was both belated and 
puny. (2) The development of more 
accurate and deadly submarine-air war- 
fare in the second war. (3) The variety 
and menace of the improved weapons 
available for a third war at sea. Above 
all, it should be kept in mind that by far 
the greater portion of the World War II 
onslaught on merchantmen was launched 
in the Atlantic and adjacent waters by 
the Nazis. The Japanese underseas doc- 
trine of saving torpedoes for naval craft 
unquestionably served to minimize our 
merchant losses in the long reaches of 
the Pacific. Another foe in that area 
might not be so kind. 


The pattern of destruction of mer- 
chant shipping in the past two wars is 
clear. In each, weapons of attack were 
developed and exploited ahead of the 
counter-weapons of defense which even- 
tually nullified them. In the first war 
German underseas boats ran wild until 


curbed by the establishment of the con- 
voy system and later by the laying of 
the North Sea mine barrage to hem 
them in. In the second war, magnetic 
mines took a steady toll in European 
waters until foiled by degaussing gear. 
Next wolf packs of submarines, some- 
times working with aircraft spotters, 
made serious inroads on transatlantic 
convoys until hunter-killer groups of 
escort carriers and destroyers or DE’s, 
operating on the “seek-out-and-destroy” 
principle, intercepted them before they 
could attack convoys. 

Whether submarines can get away 
with murder at the start of a third war, 
before being arrested by the latest anti- 
submarine craft and devices, remains for 
the test of actual warfare to reveal. 
Quite possibly special radar search 
planes with M.A.D., the new 2425-ton 
hunter-killer destroyers and the highly- 
maneuverable 750-ton antisubmarine 
subs developed by the United States 
Navy will prove more than a match for 
snorkels and other underseas innova- 
tions. Just because enemy submarines 
prevailed in the early stages of two wars 
does not mean that they can do so in a 
third, especially in these inventive days. 

But one thing is certain and painfully 
elementary. Unless adequate naval-air 
protection is available from the opening 
gun in today’s split-second warfare, an 
enemy can take such a heavy toll of 


958 


the 
of 
thi 
vo 
the 
7 the 
the 
an 
tha 
dey 
que 
wa 
: ave 
arc 
me 
gre 
cor 
the 
set 
wh 
ter 
315 
ap} 
shi 
( 
anc 
of 1 
It 
oth 
Un 
teg: 
fasi 
I 
tha 
tha 
fect 
seiz 
pro 
tod: 
wh 
one 
dov 
(19 
bot! 
opp 
pin; 
big: 

|| 


merchant shi 


SHIPYARDS—A WEAKNESS? 


a short period 
that it may delay or _>. the outcome 
of the war. History speaks bluntly in 
this respect. Until checked by the con- 
voy system, U-boats brought Britain to 
the verge of starvation. Early in 1917, 
they were sinking British shipping at 
the appalling rate of 1000 vessels a year 
and nearly 600,000 tons a month. Yet 
that rate of destruction pales. beside the 
devastation wrought early in the. subse- 
quent war. At the peak of submarine 
warfare in 1942, Allied shipping losses 
averaged 687,000 gross tons a month 
around the calendar. 

The damage done to the American 
merchant marine, especially, was far 
greater in the more recent war. To 
compare: The invasions of Belgium by 
the Kaiser’s field-green hordes in 1914 
set off a series of merchant sinkings 
which cost us, before and after we en- 
tered the conflict, 151 merchant ships of 
315,588 gross tons. Among them were 
approximately one-tenth of the steam- 
ships we owned at the start of the war. 


From the time Hitler’s Nazis swarmed 
over Poland in 1939 until the final gun 


of that war, 1554 American merchant- 
men of 6,277,077 gross tons were sunk 
through enemy action, convoy collisions, 
and other wartime operational risks. 
Conceding that the second war lasted 
twice as long, American losses never- 
theless amounted to ten times the ships 
and twenty times the tonnage sunk in 
World- War I. 
significant facts are these: 


Currently the most 


Our World War II losses exceeded 


the total number of merchantmen we 
possessed at the start of that war. Not 
only that, they exceeded in numbers, 
though not in tonnage, our present 
active merchant fleet. In fact, World 
War II cost us nearly 25 per cent more 
ships than we have in active service 
today. 


A repetition of such sinkings in a 


future transoceanic war would place the 
issue of victory or defeat squarely on 
two things: Our reserve merchant fleet 
and our shipyards. 


THE STATE OF THE NATION’S MERCHANT MARINE: WHAT HAVE WE? 


On paper, in round numbers of ships 
and gross tonnage, the merchant marine 
of the United States never looked better. 
It is far more tangible than some of our 
other paper preparations for defense. 
Unfortunately, part of it may distin- 
tegrate like paper boats under attack by 
fast new submarines. 

It is true, as has been pointed out, 
that the merchant fleet is in better shape 
than it was in 1917 or 1941. This per- 
fectly valid comparison should not be 
seized upon by Pollyannas, however, as 
proof that all is well. We are better off 
today to about the extent that a boxer 
who is up on one knee is better off than 
one who is flat on his face (1917) or 
down on both knees and one hand 
(1941). By no means are we up on 
both feet and rarin’ to go. And our 
opponent, in terms of the potential ship- 
ping problem to be licked, looks to be 
bigger than ever. 


Merchant shipping operated under the 


American flag as of July, 1950, con- 
sisted of some 1200 vessels of about 
9,500,000 gross tons, as compared with 


1103 steamships of 4,287,000 gross tons 


in 1914 and 1398 vessels of 8,134,000 
gross tons shortly before the outbreak 
of the war in 1939. Not only is the 


present-day fleet of greater overall 


tonnage; it is relatively freer of obso- 
lete craft such as the leftover “Hog 


Islanders” from World War I which 
cluttered our merchant marine in 1939, 


and most of it is modern. enough to 


steam 14 knots or better. 

In types of ships, the nearest iiaw to 
a deficiency appears to be in passenger 
vessels suitable for conversion to fast 
transports. Many of the 33 liners now 
in commission are relatively “small. 
liners, including a mammoth of -48,000 
gross tons and several twenty-three, knot 
ships half that size, are nearly in service 
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or will be in service between now and 
April, 1952. Our tanker fleet, a prime 
submarine target and contributory cause 
of a severe oil shortage in World War 
II, now consists of some 416 ships of 
more than 6,000,000 tons compared with 
384 ships of slightly more than 4,000,000 
tons on September 1, 1939. In addition, 
many of the 185 now under the Pana- 
manian flag are American-owned and 
presumably available in a pinch. The 
balance of the active merchant marine is 
made up of 655 dry-cargo ships, 509 of 
them sizable ocean-going craft in for- 
eign trade. 

Another 2250 or so merchantmen, all 
of them dry-cargo craft except for nine 
small oilers, were moored in backwaters 
as a merchant fleet reserve as of mid- 
summer, though some have since been 
pressed into service. This impressive 
standby force is far greater numerically 
than anything we had early in World 
Wars I and II. The total of laid-up 
ocean-going ships 15 months before 
Pearl Harbor, for instance, was 198 
ships of 1,110,868 gross tons. 


The misleading thing about the exist- 
ing merchant marine reserve is that its 
large numbers may obscure its relatively 
questionable value in time of war. Sev- 
enty per cent of the reserve consists of 
slowpoke Liberty Ships with a rated 
speed of only 11 knots. Many failed to 
make even that in the pinches of the 
past war when new. Eight and nine- 
knot convoy speeds imposed largely by 
the presence of these ships, in fact, led 
to the belated construction of the faster 
Victory Ships, good for 14 to 17 knots. 

Like the Hog Islanders which bur- 
dened our peacetime shipping economy 
for decades, the Liberties have old-fash- 
ioned reciprocating engines instead of 
more modern turbines. The builders are 
hardly to blame. If anyone is, the nation 
is. For in the desperate rush to build 
ships in 1942-43, only reciprocating 
engines could be made in sufficient quan- 
tity with the available tools and material, 
and there was no time to retool. 
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The sad facts concerning these ships 
are summed up in the official Govern- 
ment report, “The United States at 
War,” which frankly says they were 
unofficially named the “Ugly Ducklings” 
and their speed “was slow, 11 knots.” 
The report adds, “The plans for this 
ship were adapted from a British tramp- 
steamer type and called for the older 
triple-expansion reciprocating engine, 
steam-driven winches and other auxili- 
ary equipment no longer used on stand- 
ard ships or naval vessels.” 


As an emergency speed-up measure, 
the Liberty Ships justified themselves 
in terms of swift construction. Building 
time was reduced from a year in 1941 
to an average of less than two months 
in 1942, and Henry J. Kaiser’s Oregon 
Shipbuilding Corporation turned out 
one Liberty in the record time of 14 
days. But hasty construction is hardly 
ever an asset in the long run. 

It may be noteworthy that a score or 
more of Liberty Ships were deliberately 
scuttled to make artificial breakwaters 
for the Normandy beachheads in 1944. 
Under the circumstances, they were re- 
garded as highly expendable. While 
scarely a conclusive comment on the 
worth of Liberty Ships in general, that 
ignominious use certainly points up the 
question of their military value today. 


Too, age and inactivity have hardly 
quickened the reserve vessels. Although 
often termed a “mothball fleet,” the 
preservation problems and methods with 
these ships differ greatly from the Navy 
mothballing technique. The division of 
combatant craft into many small com- 
partments that can be closed off by 
watertight doors lends itself to the ex- 
cellent dehumidification program worked 
out by the Bureau of Ships. Cargo 
craft, by contrast, are in effect vast sea- 
going caverns when unloaded. Dehu- 
midifying more than 2000 of them was 
regarded as costly and impractical, and 
an oil and oxide method of preserving 
machinery and moving parts was 
adopted instead. 
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To recondition reserve ships requires, 
at a minimum, drydocking for hull sur- 
vey and for scraping and painting bot- 
toms. In instances where extensive 
repairs are indicated, the work may 
extend for weeks or months. The hur- 
ried breaking-out of hundreds of reserve 
ships could create shipyard bottlenecks 
in time of emergency. This is especially 
true if it coincides with a sudden ur- 
gency for repairing combat-damaged 
vessels. 


In any case, if sent to sea again, the 
Liberties with their World War I speed 
may be harassed by World War III 
submarines able to operate underseas at 
approximately double the convoy speed 
and armed with improved torpedoes. It 
does not take the salty acumen of a 
graying convoy commodore to foresee 
the sickening risk—not only to the ships 
and crews but to the whole portion of 
the war effort entrusted to them. 


HOW READY ARE THE SHIPYARDS? 


Whether to replace slow ships that 
have been sunk or equally slow ships 
that have been condemned as unfit for 
the quickened pace of modern warfare, 
American shipyards may be confronted 
by a sudden demand for fast new cargo 
carriers. If so, a third global war will 
resemble the past two in becoming a 
race against time to build ships. The 
past record in this respect is not a 
happy one. 


During the two years of American 
participation in World War I, privately- 
owned shipyards delivered 506 cargo, 
tanker, and passenger ships of 2,301,257 
gross tons, including most of the ninety 
launched with gala pomp and circum- 
stance at Hog Island, below Philadel- 
phia, one Fourth of July. But the bulk 
of their production, 1268 ships of 
6,540,643 tons, was not delivered until 
after the Armistice, in 1919-20-21. 


During the four years of the second 
war, the shipyards improved on their 
record considerably. They launched and 
completed 4915 merchantment of 36,- 
960,592 tons—nearly four times our 
present active merchant marine. Part 
of this miracle, however, was achieved 
by such expedients as installing recipro- 
cating engines in Liberties. Had the 
shipyards been given a go-ahead earlier, 
no doubt they could have done much 
better in that respect and perhaps in 
others. In any case, they demonstrated 
an enormous capacity and ability for 


turning out ships in awesome numbers. 
How much of it is left? 

Early last summer, H. Gerrish Smith, 
President of the Shipbuilders Council of 
America and spokesman for more than 
200 private yards, summed it up. “The 
present and prospective activity in the 
industry,” he said, “is not now sufficient 
in volume to maintain that degree of 
efficiency necessary to have an adequate 
core of shipbuilding and shiprepairing 
‘know-how’ available to meet another 
emergency readily.” 

By every index from humans, in terms 
of employment, to steel in terms of con- 
sumption, the shipyards have taken one 
of the worst peacetime beatings of any 
heavy industry. Scarcely one of every 
twenty wartime workers of 1943 is still 
on the job. And an industry which ab- 
sorbed nearly 20 per cent of the national 
steel output in 1943 now uses about one 
per cent. 


Fifty-seven of the leading construc- 
tion and repair organizations, whose 
total payrolls went up from slightly 
more than 100,000 persons in the spring 
of 1941 to 1,006,895 at peak activity in 
1943, reported that their total staffs dur- 
ing the last quarter of last year num- 
bered only 50,094—less than half of the 
prewar figure. By far the sharpest cut-- 
backs. befell new-construction workers 
rather than repair personnel. Where the 
industry’s payrolls as a whole were re- 
duced to five per cent of peak strength, 
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new-construction staffs were cut back to 
three’ per cent. Carefully-trained and 
built-up wartime organizations have, 
perforce, long since been scrapped. And 
as recently as this fall, the New York 
Shipbuilding Corporation of Camden, 
engaged in building two large liners, 
was forced to lay off 1000 construction 
workers when changes in the liner plans 
to make them more readily convertible 
to transports, delayed the launchings 
from fall until next spring. The 1000 
were laid off indefinitely, for lack of 
sufficient smaller or standby projects to 
keep them busy, at a time when big 


industries in other fields were eagerly 
hiring and staffing to fill war orders. 

Cargo-ship construction received its 
biggest shot-in-the-arm since World 
War II this spring when private yards 
began building 25 fast freighters of the 
new “Mariner” class under contracts 
awarded by the United States Maritime 
Administration, headed by Vice-Admiral 
E. L. Cochrane, USN (Ret.), former 
Chief of the Bureau of Ships. Signifi- 
cantly in terms of possible wartime use, 
the new vessels are expected to develop 
almost double the speed of the old 
Liberties. 


PRIVATE SHIPYARDS AND NAVAL CONSTRUCTION 


Under the private enterprise system 
which is the economic keystone of 
American democracy, industrial ship- 
builders have constructed 77 per cent of 
all United States Navy combat vessels 
commissioned between 1914 and 1949. 
These units represent 73 per cent of the 
displacement tonnage of the fleet during 
that period and included the following 
types: Battleships, battle cruisers, car- 
riets, light carriers, escort carriers, 
heavy and light cruisers, submarines, 
destroyers, destroyer escorts, frigates, 
gunboats, and minelayers. 


During 1917-18 the private yards pro- 
duced 82 fighting ships of 108,777 dis- 
placement tons. Navy Yards in those 
years completed 18 ships of 45,697 tons. 
In 1942-45 the private yards devoted in 
whole or part ‘to naval construction 
turned out the astonishing total of 1012 
ships aggregating 2,492,150 displacement 
tons. Navy Yards, with only a quarter 
to a third of the personnel, built 309 
fighting ships of 871,060 tons. To the 
Navy Yards fell much of the burden of 
developing and perfecting new types of 
ships according to Bureau of Ships 
specifications, but both they and the 
private yards performed prodigiously by 
any standards. 


Mammoths of the industry, such as 
the New York Shipbuilding Corpora- 
tion, the Newport News Shipbuilding 
and Drydock Company, the Electric 
Boat Company, and others have been 
known to produce more combat craft of 
one or. several types, alone, than the 
total strength of such type in sizable 
foreign navies. At one time, it was said 
that the battleship-carrier-cruiser con- 
tributions of New York Shipbuilding 
Corporation to the United States Navy 
considerably exceeded the total striking 
power of the French Navy in its World 
War II prime. Other yards have con- 
tributed as notably. 


In its annual report last April, the 
Shipbuilders Council America 
summed up the naval construction pro- 
gram in private yards as follows: “Prior 
to World War II, peacetime naval con- 
struction constituted an important source 
of work for the larger private shipyards 
of the country. Since the cessation of 
hostilities, however, there have been 
very “féw contracts from the Navy. In 
fact, ‘nod™ contracts for naval vessels 
were placéd with private shipyards in 
1949. .-. .” Orders for the so-called 
“suipet carrier” of 65,000 tons, a 27.500- 
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ton Alaska-class cruiser, and two anti- 
submarine subs, the report continued, 
were canceled. 1 


Whether it is wise for a nation that 
has relied so heavily upon private ship- 
yards for its fighting ships to cut them 
off so abruptly is certainly worth a sec- 
ond thought on the part of those who do 
the Government’s high-level thinking. 
For in naval construction, as well as in 
cargo-ship building, shipyard capacities 
bear a vital relationship to victory in 
any future trans-oceanic war. For ex- 


ample, only a limited number of anti- 
submarine combat craft have been com- 
pleted—far fewer, certainly, than would 
be required to meet the far-flung de- 
mands of a global war. Pearl Harbor 
caught us dependent largely upon four- 
pipe destroyers and wedge-nosed Eagle 
boats, left over from the previous war, 
and sent us into an uncertain rush to 
build DE’s along British lines. Today 
we know fairly well what new types of 
anti-submarine craft we want. Whether 
we can get enough of them in time de- 
pends upon shipyard production capacity. 


PEACETIME FEDERAL AID, AND WHOM IT AIDED 


One thing that has done nothing to 
stabilize and insure the production ca- 
pacity of American shipyards has been 
the Government policy of helping for- 
eign competitors back onto their feet 
with American dollars, while at the 
same time “retrenching” in regard to 
subsidies for yards in this country. 

Under the Economic Cooperation Ad- 
ministration, the United States supplied 
foreign shipyards with steel, engines, 
machinery parts, lumber, machine tools, 
concrete for repairing bombed drydocks 
and piers, and other essentials. No offi- 
cial figures on the amount or extent of 
this aid have been compiled, but there is 
strong feeling that it considerably ex- 
ceeds subsidy payments to American 
shipyards for new construction. Some 
of the foreign aid, notably to shipbuild- 
ing centers like Britain, Japan, and the 
Scandinavian nations, may be par- 
tially justified as a military measure on 
grounds that it builds up our construc- 
tion potential in case of war. But many 
of the aided nations are so exposed to 
Soviet attack and Communist sabotage 


that there is a legitimate question as to 
how long their shipyards might be able 
to function in wartime. 


In this country, Federal aid to ship- 
building in recent years never has 
bulked as large as agricultural subsidies, 
for example. “Construction cost ab- 
sorption.” as it is labeled in United 
States Bureau of the Budget reports, 
amounted to $9,049,000 in 1940. Then 
it went by years as follows: 


1941—$34,696,000 1945—$33,803,000 
1942—$36,203,000 1946—$81,006,000 
1943—$45,250,000 1947—$75,385,000 
1944—-$19,234,000  1948—$ 6,780,000 


Throughout the entire period from 
1934 through 1948, shipbuilding sub- 
sidies paid through the United States 
Maritime Commission amounted to a 
total of $341,013,000—some millions less 
than the figure given in official reports 
as the total loss on purchase and sale 
transactions of the Reconstruction Fi- 
nance Corporation during the same 
period. 


CONCLUSIONS 


1. Through circumstances largely be- 
yond their control, American shipyards 
constructed the majority of their World 
War I merchantmen too late for that 


war and were forced to build a number 
of relatively inferior vessels in World 
War II because of time and material 
limitations imposed upon them. 
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2. A new global war may create the 
greatest demand for waterborne trans- 
port that the world has known. If his- 
tory repeats itself again, the war will 
also evolve new methods of attack .on 
merchant shipping with high initial 
losses. 

3. The number of American mer- 
chantmen sunk in World War II ex- 
ceeds the present total of our active 
merchant fleet. 

4. Losses inflicted on the existing 
fleet can be replaced only by new con- 
struction or the activation of reserve 
fleet ships, many of which are so slow 
as to be of questionable worth in modern 
warfare. 

5. In either case, there will be a 
great and sudden demand upon ship- 
yards for construction or overhaul as 
the case may be. Large orders for anti- 


submarine combat craft are also likely. 

6. While Allied shipyards and mer- 
chant marines may render valuable 
service, as in the past, the extent and 
continuation of this cooperation is 
contingent upon the fortunes of war 
and many of our Allies are in exposed 
positions. 

7. The present state of our own ship- 
yard industry verges upon industrial 
anemia due to undernourishment. New 
construction forces have been reduced 
to approximately three per cent of war- 
time peak strength and repair forces to 
five per cent. 

8. If we are to rely heavily upon 
private shipyards, it would be well to 
energize them with something more 
than crumbs from the heavily-laden 
table of our peacetime economy. Dollars 
spent now may save lives later. 
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S. S. “ATLANTIC SEAMAN” 


The Engineering of a 30,000-Ton Supertanker—The First Ship 
Using 1020 F Steam 
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With the ending of World War II 
and the rapidly expanding demand for 
petroleum products, it was realized that 
the domestic supply in this country 
would have to be augmented by bring- 
ing crude oil from the Middle East. 
About two years ago, therefore, the 
author was given the task of developing 
a suitable tank vessel design for this 


purpose. For bulk transportation of oil 
in tankers, it is axiomatic that the 
largest practicable ship is the most eco- 
nomical, and this is more emphatically 
true for long-haul service from foreign 
oil fields. In line with this reasoning, 
the vessel described in this paper was 
the largest tanker ever laid down at the 
time construction was started. 


HULL DESIGN 


The following principal dimensions 
were decided upon as being the maxi- 
mum in view of the depth of water at 
ports of call and in the Suez Canal and 
the available number of dry docks of 
sufficient size: 


Length over-all....... 660 ft 
Draft, loaded......... 34 ft 


A speed of 16-17 knots was decided 
upon as being desirable for the service 
intended and in line with modern prac- 
tice. The maximum block and prismatic 
hull coefficients considered suitable for 
this speed without abnormal expendi- 


ture of power are of the order of 0.74 
and 0.75, respectively (based on load- 
water-line length). A midship section 
coefficient of 0.982 with bilge radius of 
6 ft and dead rise of 11 in. in 42.5 ft 
(half-breadth of the ship) completed the 
necessary fundamentals to enable a set 
of hull lines to be laid down. In con- 
nection with the 11l-in. dead rise men- 
tioned, it is noted that a number of the 
latest large tankers have been designed 
with flat-bottomed midship sections. This 
is an advantage for the designer, as it 
enables him to obtain finer ends on the 
hull for a given displacement, but the 
author’s company believes that for satis- 
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factory draining of tanks, when pumping 
out, a moderate dead rise is very desir- 
able. With a flat bottom, it is necessary 
to list the ship first to one side and then 
the other, to drain the tanks completely, 
and this tends to complicate and delay 
unloading. A lines plan was completed, 
embodying the foregoing dimensions and 
coefficients, and an extensive series of 
model tests were made at both the Ex- 
perimental Model Basin at Stevens In- 
stitute of Technology and the Navy’s 
David W. Taylor Model Basin in Wash- 
ington. These tests confirmed closely the 
preliminary estimate of 16,500 hp for 17 
knots speed, with some margin for sea 
conditions, on a loaded displacement of 
39,350 tons. 


Modifications of the hull lines were 
tried out but involved some loss of valu- 
able displacement and were discarded in 
favor of the form originally laid down. 


Three propeller designs were tested 
and the characteristics of the best one 
are given in the inset table in Fig. 1, 
which also gives the final model basin 
horsepower and rpm curves, etc., for the 
loaded condition of the ship. These com- 
pare favorably with most of the other 
recently designed supertankers for which 
similar data have been published. All 
these, at 16 and 17 knots, show a greater 
shaft horsepower per ton of displace- 
ment than the Atlantic Seaman, except 
in one or two cases where the rpm are 
lower, and the propulsive coefficient 
therefore somewhat higher. 


Hull construction follows what has 
become practically universal tanker prac- 
tice, i.e., twin longitudinal bulkheads ar.d 
longitudinal framing. Based on Atlan- 
tic’s experience with five 500-ft all- 
welded ships for eleven years, without 
any trouble from brittle fractures, the 
entire hull fabrication on the present 
vessels should have been by electric-arc 
welding. However, due to the fact that 
the cause and cure of fractures in 
welded ships is still under investigation, 
with progress made but no final answer 
reported to date. the American Bureau 


of Shipping and the U. S. Coast Guard 
took the pessimistic view that cracks are 
still possible, and therefore crack stop- 
pers must be provided to Icssen the 
chance of their reaching serious propor- 
tions. Consequently, it was necessary to 
build the hull with eight riveted longi- 
tudinal seams extended over the amid- 
ship three-fifths of the vessel’s length. 


Since riveted seams have always been'a 


tanker operator’s headache, it is prob- 
able that those on the subject vessels 
may prove to be more trouble than they 
are worth, to say nothing of the 45 long 
tons of extra steel which the laps add 
to the ship’s weight. This is equivalent 
to 315 bbl of crude-oil cargo which, 
needless to say, we would have preferred 
to add to the ship’s capacity. 


Another hull detail, more in line with 
modern progress in welded ship con- 
struction than riveted seams, is the ser- 
rated design of all longitudinal frames 
on shell, deck, and longitudinal bulk- 
heads. These frames consist of reversed 
flanged plates and angles with a row of 
openings cut along the welding edge. 
These openings average about 8 in. in 
length and vary from 2 in. to 4 in. in 
height, depending on the depth of the 
bar. The inner corners are cut with 
generous radii, and the spacing, about 
16 in. center to center, gives welding 
legs about 8 in. long. This construction 
results in a better distribution of ma- 
terial, saves weight. reduces welding, 
and the openings facilitate drainage and 
cleaning of tanks. It is the author’s firm 
belief that continuously welded longi- 
tudinals act as integral parts of the shell 
plate. and therefore, in case of fracture, 
fail with the plate. This seems to be 
borne out by published photographs of 
fractured tankers, which show that.con- 
tinuously welded longitudinals have 
failed flush with the break in the shell. 
We do not believe this would have. oc- 
curred if the longitudinals had been 
intermittently welded, as the hull plate 
could fail without causing a fracture in 
the stiffener. 
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HORSEPOWER @ RPM CURVES 


2.990, 
TES FROM 


3 


if 


NO OF CAVITATION 


UP TO 164 KNOTS 


RPM. 


PERCENTAGES 


SPEEO IN KNOTS 
Fic. 1—Model Basin Curves—Loaded Condition 


Accommodations for officers and crew 
are laid out to provide a maximum of 
comfort, convenience and safety, with 
not more than two men berthed in any 
stateroom. All room bulkheads and 
lockers are either steel or asbestos- 


‘composition panels and furniture is of 


enameled steel or aluminum. 


The ship is equipped with all modern 
navigation aids, including gyrocompass 
with gyropilot, course recorder, sonic 
depth finder, radio direction 
and radar. 


Final finished dimensions and 
particulars are given in Table 1. 
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TaB_Le 1 Finat DIMENSIONS AND PARTICULARS 


Length 
Length between perpendiculars...... 
Draft, statutory summer load........ 
Block ‘coefficient. ... 
Midsection coefficient .............. 
Prismatic coefficient................ 
Displacement, summer load draft.... 
Dead-weight capacity, load draft..... 
Cargo capacity (max).............. 
Fuel-oil capacity, incl. reserve....... 
Reserve feedwater ................. 


39664 tons 
30155 tons 


« 2.0.6 257529 Bol 


POWER PLANT AND AUXILIARY MACHINERY 


The “Van Dyke” class of Atlantic 
tankers, built from 1938 to 1941, were 
turbine-electric-powered vessels, the last 
five of which operated on 920 F steam. 
They have given very satisfactory and 
successful service including the arduous 
work during World War II and were 
the forerunners of the Maritime Com- 
mission’s T2-SE-Al type. The latter, 
however, did not have high-pressure, 
high-temperature steam plants owing to 
wartime shortage of required alloy steels. 


In view of the success of the turbine- 
electric ships mentioned, it will doubtless 
be wondered why the Aflantic Seaman 
class was fitted with geared-turbine 
drive. The explanation is that the 
electric-drive ships were designed pri- 
marily for the short haul from the Gulf 
to Philadelphia where rapid loading and 
discharge of cargo is of relatively great 
importance. For this reason, the main 
turbine-generator is used for supplying 
the current for large cargo pumps. The 
new vessels, on the other hand, are 
designed for the long haul from the 
Near East which is a 43- to 45-day 
round voyage where unloading time is 
of much less importance than economy 
of full power at sea over long periods. 
Also the space requirements of an 
18,000-hp turbine-electric plant, as com- 
pared with the 5000 hp on the Van Dyke 


class ships would have posed a difficult 
problem. 


The choice of a 650-psi steam pressure 
and 1020 F temperature was made be- 
cause it is believed that 650 psi is about 
the maximum for a sectional-header- 
type boiler, and 1050 F is as high as can 
be used economically with that pressure. 
Higher temperature would simply result 
in greater loss to the condenser. 


The sectional-header boiler is chosen 
for the same reasons as on the previous 
ships, i.e., simplicity of design and ac- 
cessibility—no need to wait for drums 
to cool before plugging or renewing a 
tube. The operation and maintenance 
complications of an economizer are 
eliminated by the use of an air heater 
of sufficient size to reduce the stack 
temperature to about 325 F, which we 
believe is as low as should be used. 


Lower temperatures are apt to be 
below the dew point of stack gases, 
when using low-cost fuel with high 
sulphur content, and may cause exces- 
sive corrosion of the heater tubes. Refer- 
ence to the heat-balance diagram, Fig. 2, 
will show that a feedwater temperature 
of 315-320 F is obtained by means of 
bleed-steam heaters, and we believe this 
is higher than obtained on other modern 
vessels using economizers. 
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Fic. 2.—Simplified Material and Heat Diagram of S.S. Atlantic Seaman 
(As calculated for normal power operation wih “attached” generator for auxiliary 
power 


HEAT BALANCE 


The heat balance is based on four 
bleed stages from the main turbine. The 
condensate at 28.5 in. vacuum, 92 F is 


. pumped in series through the inter- and 


aftercondensers, evaporator condenser, 
low-pressure drain cooler and low- 
pressure heater to the deaerator. The 
feed pump takes suction from the latter 
which is some 50 ft above it, in the 
engine hatch, to provide positive suc- 
tion. The pump discharges through a 
high-pressure drain cooler, intermediate 
and high-pressure heaters to the boilers 
at a calculated final temperature of 
415 F as previously stated. 


In order to reduce scaling to a mini- 
mum, evaporators are operated at ap- 
proximately 3 psia, using the lowest 
available bleed-steam pressure. A con- 
nection is also provided to the low- 
pressure heating-system steam supply so 
that operation in port may be had when 
necessary. The deaerator has a triple 
function. It serves not only as a de- 
aerator, but also as a direct-contact 


heater for the feedwater and a desuper- 
heater for the service steam used for 
bunker and quarters heating, the fuel-oil 
heaters and the emergency turbine- 
driven lubricating-oil pump. It should 
be noted here that desuperheated steam 
is not used on this vessel for any auxili- 
ary. This heat-balance arrangement 
gives a predicted economy of 0.473 lb 
of 18,500-Btu fuel oil per bhphr or 0.491 
Ib per shphr for normal running condi- 
tions, these figures being based on man- 
ufacturers’ guarantees for boilers, and 
main and boiler-feed turbines. The rea- 
son for the distinction between bhp and 
shp just given is the fact that the main 
propulsion unit has an attached auxili- 
ary generator driven from the inter- 
mediate gear shaft. This unit normally 
supplies all the auxiliary electric power 
required by the ship, and the 0.49 Ib per 
shphr mentioned is, therefore, the total 
for all purposes under the predicted 
normal conditions and not the net figure 
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for propulsion only. Normal conditions 
include galley ranges in use, lights, 
fresh-water and sanitary systems, ven- 
tilating system, etc., in full operation. 
Comparative heat balances based upon 


normal operation indicate that the use 
of the attached generator saves seven 
barrels of fuel per day as compared to 
carrying the same load with one of the 
auxiliary turbine-generator sets. 


STEAM GENERATORS 


The two water-tube boilers are of the 
single-drum sectional-header type, each 
rated at 65,000 Ib of steam per hr at 
650 psi and 1020 F, or 78,000 lb per hr 
at 625 psi at the same temperature. 
Heating surface per boiler is 8869 sq ft, 
including waterwalls, plus 2570 sq ft of 
superheating surface and 8750 sq ft of 
air-heater surface. Superheat control is 
by means of a desuperheating coil in the 
drum and arranged on an automatically 
controlled by-pass ahead of the third 
pass of the four-pass superheater. This 
by-pass comes into operation at, about 
two-thirds normal load, below which it 
is not needed. This type of superheat 
control has been entirely successful on 
nine previous ships during the past 
twelve years, and it has never been nec- 
essary to renew a turbine blade due to 
heat damage. Boilers are each equipped 
with four double nozzle wide-range 
burners which incorporate an invention 
of the author consisting of a small cen- 
ter tip spraying through a larger outer 
one. A three-way cock allows either or 
both tips to be used and provides a very 
wide range of operation (9 to 1) with- 


out the necessity of pulling burners. The 
boilers are fitted with double casings, 
welded as completely as practicable to 
prevent air leaks, and steel bellows-type 
expansion joints are used at uptake con- 
nections and in the forced-draft ducts. 
Three constant-speed forced-draft fans 
are installed, two being used in normal 
operation with the third as a stand-by. 
Each fan outlet is fitted with a blast- 
gate type of shutoff damper, the more 
usual butterfly type not being considered 
sufficiently airtight. Air heaters are 
designed with two passes on the air side 
and are equipped with by-pass dampers 
to prevent sooting up under low load or 
stand-by conditions. Boilers are fitted 
with continuous automatic air-puff soot 
blowers operating under 200-psi air 
pressure which insures adequate blow- 
ing. They blow alternately, first on one 
boiler and then on the other, a complete 
cycle requiring about three hours. The 
use of air-puff soot blowers, rather than 
steam blowers, prevents loss of valuable 
distilled water and does a satisfactory 
job if sufficient air pressure is used. 


MAIN STEAM PIPING 


The design of the main steam piping 
for 1020 F presented somewhat of a 
problem since the ABS and USCG rules 
at the time did not contemplate tem- 
peratures of this order, nor did they 
include allowable stresses for such alloys 
as 2 per cent chrome, % per cent moly, 
or 2% chrome, 1 moly, which latter it 
was finally decided to use. Fortunately, 
both of these agencies were found ex- 
tremely open-minded and co-operative, 
and the recently published “Interim 


Guide” was developed aid adepted in 
time to use in designing the steam 
piping for the subject vessel. The flanges 
also were given special consideration, 
which enabled us to use the 900-Ib 
series slightly thicker than standard in- 
stead of the 1500-lb series which a strict 
application of the rules would have re- 
quired. Some idea of what this co- 
operation meant in weight saving may 
be gained from the fact that extrapola- 
tion of the rules existing when a study 
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of the steam piping was started would 
have resulted in a 10-in. main steam 
line about 1% in. thick, with 1500 series 
flanges, whereas the modernization of 
the rule permitted the use of an 8-in. 
pipe, 0.509 in. thick. 


Corresponding reduction made in the 
smaller sizes of pipe used resulted not 
only in considerable weight saving but 
increased flexibility and reduced tem- 
perature stresses. The author wishes to 
express his appreciation of the valuable 
assistance of both the ABS and the 
technical section of the U. S. Coast 
Guard whose open-minded co-operation 
has contributed greatly to the modern 
design and expected success of these 
vessels. 


Flanged joints are standard ASME 
male and female type with 1%4-in. raised 
face and %-in. recess which allows an 
appreciable entry of the raised face into 


the recess before seating on the stand- 
ard-thickness Flexitallic gasket. This 
type of joint has given perfect satisfac- 
tion for many years on Atlantic ships. 
Uniform bolt tension is obtained by the 
use of torque wrenches, and even gasket 
compression is checked with feeler gages 
between flange faces. Cold pull-up of 
piping subject to expansion strains was 
accomplished by inserting machined 
“dutchman” pieces of proper thickness 
between flanges when fitting and remov- 
ing same when finally bolting up. This 
procedure removes all doubt as_ to 
amount of cold pull-up. All high-pres- 
sure steam piping is supported on con- 
stant-tension hangers with hydraulic 
snubbers placed where necessary to pre- 
vent sway and vibration. This method 
of support assures ample allowance for 
expansion and minimum stress at the 
connections to the various units of 
machinery. 


MAIN PROPULSION UNIT 


The main propulsion unit is a cross- 
compound steam turbine with double- 
reduction gear, a two-pass condenser 
and attached 700-kw auxiliary genera- 
tor, driven from the starboard inter- 
mediate pinion shaft. The entire unit 
complete with lubricating-oil pumps and 
coolers, inter- and aftercondensers, steam 
jets, control-valve manifolds, gland 
steam system, and all interconnecting 
piping was supplied by the turbine man- 
ufacturer. The high-pressure turbine is 
an impulse-reaction type, and the low- 
pressure turbine a single-flow reaction 
type, with astern motor at the exhaust 
end. The exhaust trunk is welded di- 
rectly to the condenser inlet to eliminate 
possible leakage of a large flanged joint. 
Condenser tubes are 70-30 cupronickel 
which we have found have a life of 
more than ten years when used in con- 
junction with the double-bottom de- 
aerating tank described herein. Three 
lubricating-oil pumps are built into a 
well in the gear case, one bevel gear 


Fic. 3.—Main Turbines of S.S. Atlantic 
Seaman 


driven from the main bull-gear shaft, 
one a steam-turbine-driven unit which 
starts up automatically when oil pres- 
sure drops below a set minimum, and 
an electric-motor-driven pump to be 
started manually in emergencies or when 
the main turbine is shut down and is 
being driven by the turning gear. It 
should be noted that no gravity lubri- 
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cating-oil tank is fitted or required. It 
has been the author’s experience that 
overhead tanks for gear lubrication will 
pull air into the system, and it is well 
known that oxygen in a gear case is 
detrimental to gear life. A further pre- 
caution against the entrance of oxygen 


THRUST 


The main thrust bearing is not a part 
of the gear assembly, but is a separate 
Kingsbury type double, eight-shoe unit 
located aft of the reduction gear so that 
no thrust load is carried into the latter 
where it might cause distortion of the 
case and consequent misalignment of the 
gears. The thrust bearing is provided 


AUXILIARY 


Ausiliary Generators. Electric power 
and light for the ship is supplied by two 
geared-turbine generator sets, each con- 
sisting of one 750-kw 60/50-cycle, 450-v, 
a-c synchronous generator, one 15-kw, 
125-volt, d-c generator for miscellaneous 
direct-current requirements, and one 15- 
kw, 125-volt, d-c machine for excitation 
purposes. These two auxiliary sets are 
also of the “package” type, similar to 
the main unit, with turbine and gen- 
erators all mounted on a single bedplate, 
condensers welded to exhaust nozzles, 
air ejectors and other accessories all 
arranged in a compact unit. The gen- 
erator attached to the main gear case, 
already mentioned, is a 700-kw, 60/50 
cycle, 450-volt, 600-rpm machine which 
is used to carry all electric auxiliaries 
when the ship is at sea, running steadily 
under normal full-load conditions. 

The 750-kw auxiliary turbine-genera- 
tor units are arranged so that either one 
may be operated as a synchronous mo- 
tor, taking current from the attached 
generator and dragging its turbine on 
which vacuum is maintained through a 
connection to the main condenser. When 
the attached generator speed falls to 
approximately 52 cycles, due to necessity 
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into the gear case is a special packing 
gland around the main drive shaft. The 
gears are arranged in what is generally 
known as the nested pattern and reduce 
the turbine speeds of 6450 and 4280 rpm 
to a propeller-shaft speed of 100 rpm at 
normal full load. 


BEARING 


with a self-contained oil cooling system 
and is supported on a foundation long 
enough to carry two self-aligning steady 
bearings, one forward and one aft of the 
thrust bearing. Provision has been made 
for future installation of a thrust meter, 
if desired. A shaft torsion meter is also 
installed for measurement of horsepower. 


MACHINERY 


for slowing the ship, the speed governor 
automatically starts to open the steam 
admission valve so that the auxiliary 
turbine assumes the full auxiliary load 
by the time the attached generator has 
slowed to 50 cycles. A circuit breaker 
between the attached generator and each 
of the auxiliaries opens automatically, 
when one of the latter takes over, and 
prevents it from trying to motor the 
attached machine. This breaker’s open- 
ing also brings the turbine set up to 
60-cycle speed and automatically starts 
up the condensate and circulating pumps 
for the auxiliary condenser. When 
the attached generator is again above 
52-cycle speed, the turbine unit can be 
returned to “motorized” operation. This 
is a manual operation. The two gen- 
erators are synchronized, the circuit 
breaker is closed, the water pumps stop, 
and the speed governor on the auxiliary 
turbine is reset at its lower limit of 52 
cycles. This cuts off the steam but 
leaves the governor ready to open and 
causes the turbine to reassume the load 
if the attached generator speed again 
drops below 52 cycles. This system has 
been in use for years on the Van Dyke 
class ships, is entirely successful and 
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reliable, and has been applied to the T-2 
tankers owned by the author’s company 
as well as others. 


The nonbleed water rate of the Atlan- 
tic Seaman main turbine is 5.48 Ib per 
shphr or 7.25 Ib per kwhr, whereas the 
auxiliary-turbine water rate is 9.26 Ib 
at 700 kw and 9.48 Ib at 600 kw. This 
explains the estimated saving of 7 bbl 
of fuel per day through the use of the 
attached generator which was mentioned 
earlier in this paper. The general ar- 
rangement of machinery in the ship is 
shown in Figs. 4 and 5. 


Switchboard. The main switchboard 
is a “dead-front” design, of all-steel con- 
struction, located on a flat directly above 
the auxiliary generators, thus providing 
short cable runs. All switching devices 
are circuit breakers which can be re- 
moved for servicing without de-energiz- 
ing the buses. Starters for all auxili- 
aries, including cargo pumps, are located 
behind the switchboard with push-button 
control stations located adjacent to the 
equipment. This arrangement places all 
electrical control gear in one place for 
easier servicing and protection from 
steam, water, or other hazards and is in 
line with Atlantic practice of many 
years. Starters are equally divided into 
three groups and controlled by a breaker 
on the switchboard so that the opening 
of any one does not result in a complete 
shutdown of auxiliaries. Indicating 
lights are provided on the switchboard 


for the essential engine-room auxiliaries 


and steering-gear motors, and these are 
automatically restarted in proper se- 
quence in the event of complete power 
failure. Automatic transfer equipment, 
both 450-volts a-c and 125-volts d-c is 
connected ahead of the generator 
breakers to provide uninterrupted power 
supply to the steering gear and lighting 
system in the event of breaker opening. 


Motors. All a-c motors, other than a 
few small sizes operating on lighting 
circuits, are 440-volt, 60-cycle, 3-phase, 
Class 2, marine-type, totally enclosed, 


except those in hazardous locations 
which are Class 1, explosion-proof. All 
motors, except the larger sizes and the 
explosion-proof types, have sealed ball 
bearings, permanently lubricated and 
guaranteed for 5 years. The 500-hp 
cargo-pump motors and all generators 
are equipped with space heaters to pre- 
vent sweating when not in use. 

Electric Cables. All electric cables 
have varnished-cambric insulation with 
bronze basket-weave armor, except those 
for interior - communication circuits 
which are rubber-insulated. Cables on 
deck from poop to bridge and bridge to 
forecastle require special protection 
against salt-water and sea damage, cor- 
rosion of supports, etc., and must have 
provision for expansion and contraction. 
Based on the experience of many years, 
we have placed these cables on the inside 
of a solid stainless-steel plate bulwark 
rail on the fore-and-aft gangway. This 
arrangement applies only to the gang- 
way from poop to bridge where a com- 
paratively large number of cables must 
be run. The smaller number running 
from bridge to forecastle are placed in 
the bosom of a channel or flanged plate 
on the side of the gangway at grating 
level. All cables are secured by lead- 
lined straps spaced every 14 in. 

Lighting and Galley Equipment. Six 
single-phase, 15-kva, 115-230-volt air- 
cooled transformers are installed behind — 
the main switchboard, divided into two 
banks, and connected delta-delta. An 
induction-motor voltage regulator is con- 
nected on the primary side to maintain 
constant voltage. One of these banks 
supplies current for the lighting system 
and the other for the galley range, bake 
oven, etc. Fluorescent lamps are used 
for lighting quarters and incandescent 
lamps with vapor-tight fixtures in other 
spaces. There are no cables, wires, or 
lights inside the main pump room which 
is illuminated through bulkhead or deck 
deadlights with fixtures on the outside. 
In other locations considered hazardous, 
class 1 explosion-proof fixtures are used. 
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AUXILIARY ENGINE-ROOM EQUIPMENT 


Salt-Water Deaerating Tank. The 
use of a deaerating tank built into the 
double bottom of the ship has proved so 
phenomenally successful on the Van 
Dyke class ships that its adoption for 
the present vessels was a foregone con- 
clusion. All salt-water pumps in the 
engine room take suction from this tank 
which is fed through large high and low 
sea chests, port and starboard, and this 
arrangement eliminates the need for 
other sea connections. Vent pipes from 
the top of the tank extend well above the 
water line and serve as constant vents 
for entrained air coming in through the 
sea chests. Two vertical centrifugal 
main circulating pumps are set directly 
above the deaerating tank, and all pump- 
suction pipes extend close to the tank 
bottom where the chance of picking up 
air is a minimum. Each of the main 
circulators supplies one side of the con- 
denser but a crossover is provided so 
that if one pump fails the other can 
supply both sides. 

Boiler Feed Pumps. Two six-stage, 
350-gpm, centrifugal, boiler feed pumps 
are each driven by a 250-hp turbine 
taking steam at full boiler pressure and 
temperature as do the auxiliary genera- 
tor turbines. It is believed that whatever 
slight loss in economy there may be 
in this arrangement, it is more than 
justified by the elimination of reducing 
valves and other complications incident 
to providing steam at various pressures 
and temperatures. The exhaust from 
these turbines is used in the deaerator 
for feed heating so that the heat in this 
steam is returned to the plant. 

Instrumentation. In line with modern 
practice and to facilitate keeping the 


power plant at maximum efficiency, a 
number of recording and indicating in- 
struments are installed. Steam flow and 
temperature from each boiler are re- 
corded, the flow, pressure, and tempera- 
ture to the main turbine, and the flow 
and pressure to the auxiliary turbine- 
generators. Combustion air and stack 
temperature for each boiler are recorded, 
and a salinity recorder is provided for 
checking the purity of boiler feedwater 
leaving each of the condenser hot wells 
and the drains inspection tank. 

Automatic combustion control (steam 
flow-air-type) is installed to maintain a 
constant outlet pressure from the boilers. 
Automatic two-element feedwater con- 
trol is used to maintain constant level in 
the boiler drums, and constant superheat 
temperature is kept, as previously men- 
tioned, by an automatically operated by- 
pass through a desuperheating coil on 
the boiler drum. 

In addition to the foregoing, a suffi- 
cient number of indicating thermometers 
and pressure gages has been installed so 
that the operating condition of any part 
of the plant can be determined easily. 
Provision has also been made for the 
installation of test gages, themocouples, 
and thermometers for obtaining more 
complete heat-balance data during tests 
than normally would be possible with 
the permanent instruments installed. It 
is the author’s belief that the instru- 
mentation outlined is far ahead of any- 
thing heretofore placed aboard a ship. 
Tt is not, however, ahead of good land- 
plant practice, and why the same engi- 
neering standards are not maintained 
on marine propulsion plants is still a 
mystery to the author. 


CARGO PUMPING SYSTEM 


Three single-stage, motor-driven, cen- 
trifugal cargo pumps are located in the 


- pump room just forward of the engine 


room. Their combined rated capacity is 


20,000 bbl per hr which is sufficient to 
unload the ship in about 12 hours. The 
pumps are driven by 500-hp motors lo- 
cated in the engine room and connected 
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by jackshafts with flexible couplings ex- 
tending through stuffing boxes on the 
bulkhead. 


The use of electric power for cargo- 
pump drive instead of steam turbines 
required, of course, large auxiliary gen- 
erating sets, but eliminated the compli- 
cations of the steam and condensate 
system which the turbine drive would 
have involved. A study of cost also re- 
vealed that the electric system adopted, 
including the extra cost of the larger 
generating sets, was cheaper than the 


steam plant would have been. No strip- 
ping pumps or stripping lines are used, 
the stripping operation being accom- 
plished with entire satisfaction by hav- 
ing the main cargo pumps automatically 
and continuously primed by vacuum 
priming pumps. This arrangement has 
been an Atlantic practice for many years 
and, as stated previously, is completely 
successful, saves weight and complica- 
tions, and speeds up unloading by per- 
mitting the cargo pumps to run at full 
capacity until tanks are practically 


empty. 


DECK MACHINERY 


Deck machinery consists of the anchor 
windlass and one warping or dry-cargo 
winch on the forecastle deck, two warp- 
ing winches on the upper deck, and two 
warping capstans on the aft end of the 
poop deck. All these machines are hy- 
draulically operated from two 125-hp 
electric-motor-driven hydraulic pumps, 
one located forward and one aft, and 
arranged with the necessary automatic 
valves so that all units may be operated 


simultaneously or independently. The 
A-end hydraulic power units are both 
located below decks so that no electric 
motors are required to be outside, ex- 
posed to weather and salt water. The 
advantages of hydraulic drive with its 
great flexibility of speed control are well 
known, and it is believed that this is the 
first time it has been applied to all deck 
machinery on a ship. 


VENTILATION 


Ventilation of machinery spaces is by 
means of propeller-type fans inside and 
below the deck-cowl trunks which can 
be rotated in the usual manner to face 
the wind. The fans assist the natural 
air flow and force air to the various 
delivery points in the engine and boiler 
rooms. There is also an exhaust duct 
and fan drawing hot air from a hood 
above the auxiliary turbine-generator 
units and discharging to atmosphere 
above the fiddley top. 


Both forward and aft quarters are 
equipped with forced-air distribution 
systems of sufficient capacity for a 
change of air every 4 min. When nec- 
essary, this air is heated to maintain a 


comfortable temperature in the rooms. 
In hot weather it is used for ventilation 
only and is supplemented by large attic- 
type exhaust fans which draw air out of 
the passageways and the rooms opening 
into them. These fans have about 4 
times the capacity of the forced-air fans, 
in order to insure very adequate air 
circulation in hot weather. 


In addition to this system, all wash- 
rooms, bathrooms, and laundries have 
individual exhaust fans of capacity to 
provide an air change every 2 min. The 
galley is provided with a 3000-cfm fan 
exhausting from the hood above the 
electric range. 
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STEERING GEAR 


The steering gear is of the conven- 
tional electric-hydraulic type with two 
horizontal-opposed rams connected to a 
crosshead on the rudder stock and with 
power furnished by duplicate Hele-Shaw 
type oil pumps driven by 125-hp motors. 
Steering is by two entirely independent 
electric controls using Selsyn motors on 
separate circuits from bridge to steering 
gear. 


One of these controls is arranged 
for either hand .or automatic steering 
through the usual gyropilot and is a 
full follow-up self-synchronizing system. 
The alternative control is a non-follow- 


up type operated by a small lever on the 
right-hand side of the steering column. 
Any of the three systems is instantly 
available to the helmsman without mov- 
ing from his position by shifting the 
three-point selector lever on the left side 
of the steering column. In addition to 
the three methods of steering from the 
bridge, there are four emergency hand- 
steering stations aft, one at the forward 
end of the boat deckhouse top and three 
in the steering-gear room—the latter 
consisting of a trick wheel for direct 
control of each hydraulic motor, and 
the third a four-man hand pump for use 
in case of failure of both power pumps. 


PERFORMANCE 


The most intriguing engineering is of 
little value unless it results in perform- 
ance in accordance with design. Delayed 
delivery of the Atlantic Seaman resulted 
in the completion of the maiden voyage 
only a few days before this paper was 
presented. Consequently, performance 
data to date are somewhat sketchy. 


The hull has surpassed our most opti- 
mistic predictions. At designed speed 
there is a minimum of water disturbance 
and air entrainment is exceptionally low. 
The bow and stern wave patterns are 
remarkably flat and smooth for a vessel 
of this speed, indicating a minimum 
waste of power in wave-making. The 
ship answers her rudder quickly, and 
on trials with helm hard overturned a 
tight circle of about 0.6 mile in diameter. 
On the maiden voyage, in ballast condi- 
tion, the horsepower meter on the shaft 
indicated an average of 16,031 shp at 
100 rpm with a speed of about 18.6 
knots. Within limits of accuracy of 
observation and without the usual allow- 
ance for sea conditions, this is an exact 
check on predicted performance. 


The constancy of steam temperature 
and pressure under automatic control is 


Fic. 6.—Steam Flow Chart 


almost unbelievable. Fig. 6 is a repro- 
duction of a chart from the meter meas- 
uring steam flow to the main turbine. 
The trace nearest the center is pressure, 
the middle trace temperature, and the 
outer one steam flow. The slight varia- 
tions from smooth traces shortly after 
4:00 a.m. and 4-hr intervals thereafter, 
are caused by inspection of burner tips 
by each watch. Steam temperature did 
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not exceed design maximum, even dur- 
ing a crash stop. The oil burners de- 
scribed elsewhere in this paper per- 
formed as expected and it was not 
necessary to change tips or remove 
burners for fluctuating loads varying 
from.stand-by to overload. 

A measurement of fuel consumption, 
during a 24-hr period of the ballast run, 
showed a consumption of 7986 Ib with 
a horsepower: reading on the torsion 
meter of 16,031 shp which gives a figure 
of 0.498 lb per shphr. This was obtained 
with vacuum of 27.9 in. Corrected to 
alesign vacuum of 28.5 in., the -figure 
becomes 0.489 lb per hphr, which checks 
with design expectations. This, it should 


be noted, includes fuel for all purposes ; 
no attempt having been made to elimi- 
nate any normal use of power during 
the test period. 


The maiden voyage of 3720 miles (sea 
passage) was made at a speed of 18.5 
knots in ballast and at 18.09 knots 
loaded, without a shutdown of the power 
plant. After completion of the first voy- 
age, obstructions, consisting of a pair of 
pants, a shirt, and a sock were found in 
the cascade seal pan of the main con- 
denser so that perhaps the author may 
be pardoned for predicting further im- 
provement under more nearly normal 
conditions. 
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MARINE LAMINATING 


“MILITARY MARINE WOOD USAGE— 
MARINE LAMINATING 


ships now under construction. 
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INTRODUCTION 


Marine laminating is an exact tech- 
nical art born of World War II ship- 
building needs for large high quality 
structural timbers. The Bureau of Ships 
is traditionally dependent upon lumber 
and timber of the highest grades avail- 
able from domestic and foreign forests. 
Those of us in the Bureau of Ships con- 
cerned with specifications and quality 
control of forest products for marine 
usage recognize that this tradition has 
been a heritage from the earliest written 
records of shipbuilding. The Phoeni- 
cians, Romans and later European coun- 
tries successively exploited the choice 


_ Lebanon cedar of Mediterranean forests 


so completely that today only a small 


grove of 100 trees remains in the garden 
of a Lebanese monastery. American 
forests first rang to the shipbuilder’s axe 
almost 1000 years ago when Greenland 
Vikings “Eric the Red” and his son 
“Leif” harvested a cargo of logs from 
the North American mainland between 
Cape Cod and Nova Scotia. 

The first cargoes shipped to England 
from the Plymouth and Virginia Colo- 
nies included cedar logs trom Cape Cod 
and naval stores from Jamestown. 
Throughout our early history the Amer- 
ican white oak and other choice ship- 
building woods were sought and used 
by every sea power that explored the 
Western Hemisphere. 


WOODS FOR SHIPBUILDING 


The course of history which has led 
to United States naval supremacy has in 
our times left its battle scars on our 
forests. In 1944 the Navy required 
9,000,000 tons of steel; during the same 
period 3,000,000 tons of wood were re- 
quired for all types of naval military 
construction, afloat and ashore. It is 
becoming increasingly difficult to meet 


the requirements for shipbuilding tim- 
bers from our domestic old growth trees. 
Despite promising recent developments 
in structural aluminum and molded 
plastic boat hulls, wood continues to 
serve many important shipbuilding 
needs. Wood is our only naturally re- 
newable structural material. It is sig- 
nificant that the present shipbuilding 
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program gives high priority to wooden 
vessels of non-metallic, non-magnetic, 
laminated design. 

Sawn timber products used in naval 
construction are of three types: Utility 
lumber, structural timber, and _ special 
boat and shipbuilding lumber. The first 
type consists essentially of construction 
or yard lumber generally stocked in 
grades of No. 1 Common and Better 
hardwoods and No. 3 Common and 
Better softwoods. A wide choice of 
domestic woods from every lumber pro- 
ducing region are procured under grade- 
marking rules of the various lumber 
associations to provide the advantages of 
a competitive market and broad geo- 
graphical supply sources. Such lumber 
serves countless purposes including the 
fabrication of intricate model ship de- 
signs at the David Taylor Model Basin 
utilizing cherry lumber from Pennsyl- 
vania, and white pine from Idaho or 
California; submarine battery wedges 
made at Philadelphia Naval Shipyard 
from New England beech or maple; and 
laminated small boat members and keel 
blocks made of Douglas fir, southern 
pine or white oak at several shipyards. 
Lower lumber grades are also procured 
at all shipyards for pallets, boxes, crat- 
ing and dunnage. 


The quality of structural timber and 
special boat and shipbuilding lumber 
must conform to certain basic principles 
of design. These materials for use in 
stage and scaffold plank, shipdecking, 
planking and framing timbers must be 
stocked in the highest grades and larg- 
est sizes available and their procure- 
ment, therefore, presents the greatest 
problem from the standpoint of available 
supply. 

The principal woods used by the Navy 
on the basis of quantity ‘required are 
Douglas fir, southern pine, “other soft- 
woods,” white oak ‘and “other hard- 
woods,” in the ‘order named. “Consider- 
ing shipbuilding needs aloné, white oak 
ranks second’ in ‘the volume required. 
“Other softwoods” include cedar (south- 


ern white, Port Orford, Alaska, and 
western red), cypress, hemlock, larch 
(tamarack), pine (white, sugar, pon- 
derosa, red, and lodgepole), redwood, 
spruce (Sitka, Engelmann, and white). 
“Other hardwoods” include ash, balsa, 
basswood, beech, birch, cherry, cotton- 
wood, gum, elm, hickory, ironbark, lig- 
num vitae, mahogany, maple, teak, and 
yellow poplar. The uses for these woods 
have been evolved through many years 
of shipbuilding.. Because the timbers of 
tremendous size cut from old growth 
trees are not always available in the 
quantities and grades required from 
eastern and southern forests, the ship- 
wright’s choice for material: has shifted 
to suitable species of large size in the 


Pacific Northwest, Alaska and tropical 


America. , 


White oak, because of its structural 
superiority and durability, is an im- 
portant component of many types of 
wood hull Naval vessels, including 
thirty-five designs of patrol, landing, 
district craft, minesweepers, auxiliary 
transport, salvage artd réscue vessels 
ranging from 70 to 183 feet in length 
and over twenty-five designs of small 
wood boats up to 63 feet in length. 
Steam bent or sawn bolted frames, keels, 
stems, skegs, shaftlogs, knees, stern 
posts, and deck beams for many of the 
50,000 wooden craft in our two-ocean 
Navy of World War II utilized white 
oak. 


The total white oak requirements for 
the present wood shipbuilding program 
are tentatively estimated at approxi- 
mately 30,000,000 board feet. This is 
equivalent to approximately one-sixth 
of the 1950 production of this species in 
grades of No. 1 Common and Better. 
The ships will be several years in build- 
ing, and provisions are made for utiliz- 
ing treated red oak and other suitable 
alternate species. As a part of this pro- 
gram, the facilities of American forest 
products industries to produce laminated 
ship timbers are. being studied for 
mobilization. 
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MARINE LAMINATING 


The development of marine laminates 
such as are specified in the present naval 
wood minesweeper program originated 
about 1939 or 1940. The process evolved 
for gluing large straight or curved ship 
timbers for the Bureau’s gigantic needs 
utilized principles of laminated arch con- 
struction introduced in the United States 
from European sources, with one major 
distinction. The casein, and urea-formal- 
dehyde glues found to be suitable for 
interior laminates in shore built struc- 
tures delaminated in salt water. Modern 
phenolic resin glues such as have been 
used in marine or exterior type plywood 
since 1920 and cured in hot plate presses 
at temperatures of 350° F. were con- 
sidered uneconomical in the production 
of large timbers. The Bureau explored 
the possibility of high-frequency curing 
of the high-temperature setting phenolic 
adhesives about 1941, but preliminary 
experiments were not promising, due to 
the variable dielectric properties en- 
countered in large wood assemblies of 
the species and shapes required for ship 
timbers. 


In 1942, when the need was great, the 
Bureau called a conference of synthetic 
adhesive manufacturers, presented the 
problem, and within 6 weeks their labo- 
ratories produced, with the help of a 
Divine Providence and American in- 
genuity, a resin adhesive curing at a 
lower temperature than the boiling point 
of water, and durable under extreme 
service exposure at sea. A great variety 
of laminated ship and boat parts have 
been produced for the Bureau (Fig. 1). 


The Bureau of Ships may justly be 
proud of a part in this development, 
which is the first major contribution to 


wooden shipbuilding in 2000 years. One 


of the Bureau’s ship designers informed 
me that he scanned wooden shipbuilding 
literature from the era of Viking ships 
to the present in the drafting of the hull 


Fic. 1.—A forty-foot motor launch having 
completely laminated foundation includ- 
ing capping, deck frames, shaft log, stem, 
horn timber, transom, fabricated at the 
Puget Sound Naval Shipyard, Bremer- 


detail plans for a 165-foot wooden mine- 
sweeper. A volume published in’ 1863 
on wooden ship design (7) describes 
methods evolved at the peak of large 
wooden ship construction, and repre- 
sents accumulated knowledge from an 
almost forgotten generation of master 
boat builders and shipwrights working 
with the finest old growth timbers. 
When such a reference book is again 
published, the Bureau’s present lami- 
nated ship design will mark a new era 
in this field. 
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ADHESIVES FOR MARINE LAMINATING 


The intermediate and room-tempera- 
ture-setting adhesives of phenol, mela- 
mine, or resorcinol base formulated for 
marine laminating are procured under 
Military Specification MIL-A-397 (1). 
Adhesives suppliers are required to sub- 
mit proposed intermediate temperature 
setting, type II class 2, marine service 
adhesives for approval testing. These 
tests require approximately 35 days for 
completion and include 21-day acceler- 
ated cyclic-exposure and block shear 
tests of laminated white oak beams cured 
in accordance with manufacturers’ in- 


LAMINATING 


Laminating procedures for white oak 
and for Douglas fir ship and boat mem- 
bers are described in specifications MIL- 
O-15154 (2) and MIL-F-2038 (3) re- 
spectively. These specifications list in 
detail the material requirements and 
closely controlled fabrication procedures 
and conditions which must be met and 
followed to produce acceptable prefabri- 
cated marine laminates of these species. 
A little less than 10 years of experience 
in laminating by several Naval ship- 
yards and by private concerns specializ- 
ing in laminated wood for naval con- 
struction have established the need for 
a relatively high temperature of cure to 
develop oak glue joints equal in strength 
to solid wood that resist delamination 
under extreme service conditions in sea- 
water (4). A number of phenolic-resin 
and melamine adhesives cured at 190° 
F. at the inner glue line for 10 hours, 
and resorcinol adhesives similarly cured 
at 140° F. for 10 hours have success- 


fully resisted delamination in white oak . 


beams as shown by several years service 
use, and by weathering and accelerated 
cyclic-exposure tests conducted at Naval 
Shipyards and at the U. S. Forest Prod- 
ucts Laboratory. Douglas fir, southern 


structions. Acceptance of a marine serv- 
ice adhesive is predicated on perform- 
ance of test beams in comparison with 
Standards derived from extensive in- 
vestigations, also complete physical and 
chemical evaluation of the adhesive with 
respect to composition, acidity limita- 
tions, cleanability, liquid working life, 
and storage life. A Qualified Products 
List is maintained of approved adhe- 
sives, in which the curing temperatures 
and curing period maintained at the 
innermost glue line for each manufac- 
turer’s type II class 2 adhesive is shown. 


TECHNIQUES 


pine, white ash, and similar woods hav- 
ing lower density than oak have been 
successfully glued for boat and ship 
timbers using resorcinol adhesives cured 
at somewhat lower temperatures, for the 
same curing period. Each type of adhe- 
sive and each species of wood to be 
glued must be related to a definite lami- 
nating procedure based on performance 
requirements (5). 


Laminating procedure specifications 
are being considered for such shipbuild- 
ing wood products as teak-Douglas fir 
decking, ash boat stock, scarfed long- 
length ship planking, and many other 
items procured by the Bureau. The 
research necessary to develop adequate 
material specifications is gaining mo- 
mentum at many government, private, 
and institutional laboratories. Only 
through thorough, painstaking effort 
will this relatively young offspring of 
the forest products family grow into a 
modern progressive industry. 


The challenges presented are worthy 
of the best technical skill we can sum- 
mon. Primarily, these problems lie in 
the realm of wood preservation tech- 
nology. Old growth timbers with their 


982 


1 
2 
3 
4 
: 6. 
| 
|_| 


MARINE LAMINATING 


large proportion of durable heartwood 
for the shipwright’s needs are fast be- 
coming nostalgic memories. Research to 


weathering and marine-borer attack is 
the key to wider acceptance of a great 
variety of domestic wood species as a 


xy determine means for suppressing and _ structural shipbuilding material. Lami- 
rm- completely arresting deterioration of nating has only unlocked the outer door 
vith woods subject to extremes of decay, to this problem. 
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FREEDOM TO MEASURE: 
YARDS OR METERS?p 


“Engineering,” is H. S. 


ACKNOWLEDGMENT 


The author a this article, which appeared in the June 22, 1951, issue of 
ROWELL. He presents the case of those opposed to the 
adoption of the vieteic system in weights and measures in Great Britain. 


“No man, nor any body of men, is 
good enough, or wise enough to dispense 
with the tonic of criticism.” So wrote 
the great Huxley in the Nineteenth Cen- 
tury of March, 1887. He was then en- 
gaged in one of his disputations against 
pseudo-scientific theological dogma—no 
longer of much interest to intelligent 
people—but. his aphoristic sentence is 
still up to date, and aptly applicable to 
the “New Despotism” revealed by Lord 
Hewart. 


The Report of the Committee on 
Weights and Measures Legislation, 
which appeared on May 11, has, apart 
from an editorial article, received only 
scanty notice, even in the leading jour- 
nals. No one has thought fit to ad- 
minister, in adequate measure, the “tonic 
of criticism.” This may be due to the 
difficulty which many people will ex- 
perience in reading the 467 paragraphs, 
plus the five appendices; or, perhaps, 
the statement of Sir Hartley Shawcross 
in Parliament on May 10, “that the 
Government could not be regarded as 
in any way committed to accepting the 
Committee’s recommendations on the 
Metric System” has lulled the alarm and 
blunted the interest which engineers and 
traders might otherwise have shown. 
In what follows, the more important 
inconsistencies of the report are noticed, 


the number of each paragraph referred 
to being given in parenthesis. 

Thus: (6) “The main conclusion to 
which our enquiry has led us is that the 
existing principles of Weights and 
Measures law are soundly based and 
stand in no need of fundamental re- 
vision.” By any standards, even of the 
Civil Service, this is a fairly clear state- 
ment, but it is followed by almost a full 
page of three provisos containing some 
very drastic recommendations. One of 
these (8) recommends “delegated powers 
of legislation to be wielded by the 
Minister within the broad purposes of 
an Act.” ... “We hardly need add that 
all delegated legislation should be pre- 
ceded by full consultation with’ the 
parties likely to be affected by it.” This 
sounds very sweet and reasonable; but, 
on turning to (18) we find that the 
Committee took evidence from “100 or 
so other associations representing manu- 
facturers, traders and professional, sci- 
entific and technical bodies.” Of these, 
“about half a dozen have advocated the 
adoption of a policy of a long-term 
transition to the metric system: the rest 
have stated that there has been little 
tendency on the part of members to use 
the metric system and have not favored 
any alteration to the existing position.” 
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Inquiries ‘by a number of women’s 
organizations “reveal, as might be ex- 
pected, that a very substantial propor- 
tion of ‘the purchasing public is likely 
to be against abolition of the Imperial 
units in most common use.” Thus out 
of about 100 associations concerned with 
manufacture “about half a dozen’”— 
surely, the number could have been 
given ?—advocated a long-term change- 
over to metric units and the rest, 15 or 
16 times as many advocated no change. 
Despite this, and the adverse view of 
the women, and the previous statement 
(8) “that all delegated legislation should 
be preceded by full consultation with the 
parties likely to be affected by it,” the 
Committee flout the evidence which they 
have collected and recommend the mi- 
nority view of the long-term change. 
A similar piece of despotism occurs in 
(354). One section of the “liquor” 
trade stated that about ten years would 
be required for the exhaustion of their 
existing stocks of bottles. The Com- 
mittee consider this long period to be 
unnecessary, and “that the Board of 
Trade need give no more than a 12- 
month warning period.” 


In (11) the Committee explain that 
the Report is severely compressed from 
the mass of evidence received; but, to 
one reader at least, either the evidence 
or the compression thereof seems to 
have been very unevenly distributed. 
Chapter 2, for example, on “The Adop- 
tion of the Metric System,” has five 


. pages—the same number as in Chapters 


14 and 15 on “Fresh Fruit and Vege- 
tables,” and “Alcoholic Liquor,” respec- 
tively. The Metric System, if com- 
pletely adopted in 20, or even in 40 
years, would bring an upheaval costing 
thousands of millions of pounds; the 
consumption of fruits and vegetables and 
perhaps of alcoholic liquor, will proba- 
bly cause no serious disturbance. There 
is much useful information in the Re- 
port, but the lack of proportion in deal- 
ing with the various parts of the subject 
is a serious blemish. In no case is any 


METERS ? 


attempt made to assess the cost of the 
changes recommended or the amount 
likely to be saved. 


The most important part of the report, 
especially from an engineering point of 
view, is the five-page Chapter 2, on 
“The Adoption of the Metric System.” 
This is grossly biased and full of shoddy 
special pleading. The metric system (14) 
is eulogized as “compact, closely defined 
and universally recognized,” etc., where- 
as the Imperial system “is really a con- 
glomeration of units which have in the 
past been found convenient for partic- 
ular types of measurement.” This is 
exaggeration almost to the bounds of 
distortion. Again, “there is no interna- 
tionally-recognized body responsible for 
the Imperial system which can in any 
way compare with the International 
Metric Conference.” The Imperial sys- 
tem was established centuries before the 
metric system was thought of. It has 
never needed an internationally-recog- 
nized organization to “put it over.” 


The Imperial system has grown from 
that of Rome during nearly. 2000 years. 
In the Seville Museum, there is, or was 
20 years ago, a Roman ounce taken 
from Italica. On the label the weight of 
the ounce is given in milligrams. The 
present writer had the thrill of convert- 
ing this to English weight and found it 
agreed to about 1 part in 600. Here it 
is Of interest to note that the Libra of 


‘Argentina is 1.0127 Ib. Av., whereas 


the Libra of Spain and’ Mexico was 
1.014 lb. Av. and the Libra or Arratel 
of Portugal was 1.012 Ib. Av.—a very 
interesting conglomeration. To say that 
there is no “internationally-recognized” 
authority responsible for’ the Imperial 
system is almost shocking: What is the 
President of the Board of Trade? 

In (23) the Committee “have found it 
difficult to obtain any very relevant evi- 
dence as to the way in which other 
countries have overcome the difficulties 
of transition,” but they believe that most 
of the early Metric ‘converts were using 
a multiplicity of local ‘units and the 
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change-over was “a welcome rational- 
ization of a confused situation”... “and 
the building of a single trading com- 
munity within the nation.” This is a 
well-known fact, and on record, and in 
some cases within living memory. 
France had many and various systems 
of weights and measures, of which few 
were reliable, in 1789; but it took 40 
years, with threats of serious penalties, 
before the French people began to use 
the metric system. In Germany, the 
creation of Bismarck’s Germany in 1871 
gave an exceptional opportunity to co- 
ordinate the weights and measures of 
the various States into the metric sys- 
tem. In several cases the change was 
made without changing the name of a 
unit, so that the half-kilogram was 
called a German Pfund, a Dutch Pond, 
a Danish Pund, and so on. 


Of a great many converts to the met- 
ric system, it may be said that there 
were hardly any of their systems worthy 
of any respect and many of the smaller 
countries seized on the metric system as 
providing a cheap, ready-made system 
which linked them respectably with 
greater nations. In contrast with this 
condition, consider England. Almost ten 
centuries ago, King Edgar (Emperor of 
Britain), with his great primate, St. 
Dunstan, laid it down that there must be 
only one system of weights and measures 
in the country. Under the Norman 
King Henry I, at Christmas, 1125, 94 
moneyers were summoned to Winchester 
for debasing the coinage and had their 
right hands struck off. “And this be- 
cause a man might have a pound, and 
yet not be able to spend a penny at a 
market.” These facts explain in part 
why our metric problem is not of the 
same kind as that of France, Germany, 
China or Russia. In the Middle Ages, 
we had at Stourbridge, near Cambridge, 
the biggest fair in the world, with lesser 
fairs in other centers all using a single 
system. 


In (15) the Committee praise the 
metric system, which (they say) has 


METERS? 


“appealed to technicians and scientists” 
from its earliest days on account of its 
ease of calculation “. . . and there is no 
doubt that, coupled with a decimal sys- 
tem of coinage, it offers many benefits 
to traders in respect of their day-to-day 
calculations, costings and invoices.” This 
is quite incredible, and it is contradicted 
in (17), where the Report states, “it can 
with some justification be maintained 
that the actual units of the Imperial 
system are more convenient for every- 
day use than the metric and that, for 
many trading purposes, a quantity can be 
stated more concisely in Imperial terms 
than in metric and consequently with less 
chance of it being misunderstood.” If 
the metric system has any superiority 
over the Imperial it is in its decimal 
structure, and this superiority is only of 
value to those who have to do many 
calculations—a very small fraction of 
the population. For simple arithmetic, 
the metric system seems to be inferior. 
Shop assistants and booking clerks on 
the Continent seem to need slide rules, 
pencils and paper, and more time than 
corresponding workers in Britain. In 
simple daily trades, even uneducated 
people become very expert in dealing 
with special units. In Britain, an acre 
is based on a morning’s plowing and is 
defined in effect as a furlong (furrow- 
long to give a breather) by a chain 
(four poles—the ox-beam or pole). 
These are visual images to many coun- 
try people, and acres are more real to 
them than the centimeter is to some 
scientists. 


There is no export trade in acres and 
it is difficult to see why any change of 
unit is needed. There is no export trade 
in milk, so why should the established 
sizes—half-pint, pint, and quart—be al- 
tered to metric sizes? Who can possibly 
gain? There are more than 200 million 
milk bottles made each year. There are 
crates and various machines for clean- 
ing, filling and sealing these bottles. 
What is to be gained by replacing these 
by metric sizes? The fact that is over- 
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looked by the metric enthusiast is that 
there are “tricks in all trades” and few 
men need to know more than one trade. 
Few men have any need to know timber 
measure (which is ignored by the com- 
mittee). Whereas in science the metric 
system stands unchallenged, in crafts 
and trades the units and sizes of the 
trades are more convenient. Each for 
each, they have grown by use and sur- 
vived by fitness. 


For day-to-day trade, the metric sys- 
tem is bad in its nomenclature. Con- 
tinental workmen of the best kind do 
not use such terms as myriagram, which 
the Committee recommends (142) ; and 
it is certain that British and American 
workmen with their love of pungent 
monosyllables, would never welcome the 
metric prefixes. A thousandth of an inch 
is a “thou” and a micrometer is a 
“mike” in most works, and it is a sound 
instinct that impels workmen of sense 
to use monosyllables. There can be no 
mistake in the use of the ton, pound, 
ounce, dram, quart, pint, gill, mile, yard, 
foot, inch, and so on; but, with the met- 
ric system, error is easy, both in regard 
to prefixes and decimal points. For 
example, one of the largest chemical 
companies in Britain, which uses the 
metric system exclusively, sent an order 
for 10 cubic meters of a rare compound, 
when only 10 cubic centimeters were 
required. 

In (17), the Committee attempt to 
summarize the “external factors,” what- 


_ever that may mean. They say that the 


metric system is used “by the over- 
whelming majority of countries in the 
world.” In what sense “overwhelming”? 
Even if these countries have “the great 
proportion of the world’s population,” 
there is no weight in such a contention. 
In (18), as already pointed out, the 
Committee flouted 94 associations who 
were in favor of no change, and sided 
with “about half a dozen” bodies in 
favor of a long-term change. They do 
not believe in majorities, evidently, even 
when there is no difference of intelli- 


gence. They cannot possibly be entitled 
to use majority arguments when the 
majority consists largely of the ignorant. 

Then again (17), “it is in the field of 
international trade that the benefits of 
uniformity of measurement come fully 
into their own.” This is not correct. 
There are all kinds of imports and ex- 
ports flowing in all kinds of units. Be- 
tore the war, Belgian, German, and 
Czechoslovakian steel bars were sent to 
this country in English sizes and 
weights, and paid for in sterling. 
Ground-thread taps were sent here in 
Whitworth sizes from at least three 
Continental countries, and jig-boring 
machines of the highest accuracy were 
sent from Germany and Switzerland, 
graduated in inches. Or consider the 
wine and liquor trade. From the Rhine 
to the Douro and beyond, from Holland 
to the Rhone, the bulk of all liquor is 
sold in terms of the English -quart 
bottle. Why should the practice of a 
century, which is almost uniform all 
over Europe, be set aside and changed 
to metric? But the fact, above all, 
against this foreign trade idea, and it is 
a fact that a Board of Trade Committee 
ought to know, is that the foreign trade 
of a nation—even of Britain—is a small 
fraction of its internal trade. Why upset 
the internal machinery, on which all 
depends, and which has done so well for 
centuries, to encourage a small and 
tenuous fraction? 


As to uniformity (17), it would be a 
blessing if the metric peoples would cul- 
tivate a little more uniformity. In Italy, 
they have no “kilogram”; instead, they 
have the “chilia” gram. The liter is spelt 
in various ways. Even in England, 
among the ardent metricists, we do not 
get uniformity. For example, in one of 
the largest chemical firms, they specify 
a furnace gas pressure as 100 milli- 
atmospheres, whereas at the N.P.L., in 
recent tests on the effect of air pressure 
on chronometer rates, the air pressure 
was shown to visitors in mm. of mer- 
cury. 


987 


sts” 
its 
no 
sys- 
efits 
-day 
This 
cted 
can 
ined 
erial 
for 
in be 
erms 
1 less 
lf 
ority 
~imal 
ly of 
many 
of 
|| 


YARDS OR METERS? 


In (17) we find “It is obviously illog- 
ical for there to be two separate systems 
in a world which, from the trading point 
of view, is becoming rapidly smaller.” 
It is well known that two World Wars 
have increased economic nationalism 
and that British export trade has suf- 
fered greatly as a result. In view of the 
many facts of history which show how 
trades and nations can decline as a 
result of invention, this argument of 
international trade is too thin to justify 
reforms costing billions of pounds. It is, 
of course, illogical for different nations 
to use different languages ; and it is still 
more illogical for any one nation, such 
as Switzerland or Belgium, to use two 


or three languages. Wales and Eire 
might be brought into the International 
Metric Conference, if only to add to the 
“overwhelming” number of countriés. 

The arguments of logic are risky even 
for philosophers. The argument that 
only ore system of measures should be 
used for all trades is equal in value to 
the statement that every man should be 
restricted to one overcoat or one gar- 
ment. Engineering could not be done 
efficiently in the metric system of the 
scientist. The metric engineer has been 
compelled to develop a second system, 
which is not in a decimal relation to the 
basic metric system. The table below 
shows the two systems: 


Metric Units in 


Science Engineering 
Length cm. meters or mm. 
Mass gm. 9810 gm. 
Force dyne 981,000 dynes 
Time second second 
minute 
hour 


Are these two systems logical? They 
are connected by the inertia of matter 
and they are useful on account of. the 
essential need of the engineer to employ 
the muscular sense. Is it not illogical 
for the metric countries to use two 
standards of length? It may be, but it 
is sensible -practice, for the standard 
meter bar at Sévres is of platinum- 
iridium alloy and is one meter:jlong at 
0 deg.’ Celsius; but the engineer in met- 
ric countries uses a steel bar which. at 
20. deg. C. has a length .of meter. 
These two standards are useful and suit- 
able for their work and they are, in fact, 


a “conglomeration” of two .arbitrary 
standards. Is it logical for. the Com- 
mittee to approve the use of the “cran” 
in the herring industry or to make no 
protest against the immunity of the 
Scots sand and ballast trade.to weights 
and measures law? ES 

In (22) the Committee state that “the 
internal convenience of a decimal system 
of measurement could -not ‘be adequately 
realized unless at the same time the 
coinage was decimalized.” ‘This is per- 
fectly, true and very obvious but why is 
it left-to.a;proviso? In the United States 
they have had a decimal coinage since 
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1786-92, and practical convenience has 
caused the use of the short ton of 2000 
Ib. But the fact remains that, in all 
countries in which a decimal coinage 
has been established, popular conveni- 
ence has compelled the use of half coins. 

In Britain, a scientific worker using 
the metric system is rarely concerned 
with money; it is the trader who is 
using weights and coins all day long and 
for trading purposes. We have not only 
the finest system of weights and meas- 
ures but also the best coinage. If things 
are sold in grosses and dozens, we have 
twelve pence to the shilling, if in cwt., 
we have 20s. to the £, and so on ina 
variety of trades. On the London Stock 
Exchange, transactions are made in all 
kinds of currencies; stocks and shares 
are quoted in pence, shillings and 
pounds, with fractions and decimals 
mixed, as 6 percent of Il. is ls. 2.4d. 
It is hard to believe that any other cur- 
rency is so flexible and convenient. It 
is almost completely decimal in its divi- 
sions, and many accountants already 
decimalize accounts in English money 
for certain purposes. 


The fault of the decimal system either 
in weights and measures or in coinage 
is due to some psychological difficulty 
which is not easily described. If a man 
says that he weighs 217 lb., his mass is 
not so easily visualized as if he said 
15 stone 7 Ib., and this is still more so 
if 220 lb. and 15 stone 10 Ib. are com- 
pared. In the same way, a bedroom 


‘rent at 15s. 6 d. is more tangible men- 


tally than one at 755 francs. In this 
matter of coinage, Continentals fre- 
quently ridicule our use of the guinea; 
but in hotels or nursing homes the 
weekly rate in guineas is easily modified 
to a daily rate in shillings. With our 
system of seven-year covenants, a dona- 
tion can be arranged for a charity to 
suit the strings of both the purse and 
the heart. The division of weights and 
‘measures and of money, is not psycho- 
logically on a par with decimals, which 
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are a device for calculation. The divi- 
sion of a book is more nearly parallel. 
With two or more main parts divided 
into several chapters, each with para- 
graphs as required, the subject matter 
can be dealt with more easily than with 
mere numerical pagination and no “con- 
glomerate parts.” 


In (74) the Committee recommend 
that a permanent commission should be 
appointed to advise the President of the 
Board of Trade “on the most suitable 
legal definitions of the derived units of 
capacity, temperature, heat and electricity 
and on the possibility of defining in law 
the unit of time,” . . . “This Commission 
(77) should include the Astronomer 
Royal, the Director of the National 
Physical Laboratory and the President 
of the Royal Society sitting as ex-officio 
members.” If there are doubts as to the 
superiority of the metric system for 
trade and manufacture, there must also 
be a little dubiety as to the desirability 
of mixing together the weights and 
measures of trade with the units and 
standards of science. In (29), for ex- 
ample, we read “units of area, capacity, 
electric current, and temperature.” In 
Appendix C we have units of capacity 
listed as the gallon, quart, pint, etc. 
It would be preferable not only to sepa- 
rate “trader’s” units very clearly, but 
also to use some such term as “volume” 
or “content” for measures like the 
“gallon,” thus reserving the “farad” for 
capacity. 


Lastly, it may be emphasized that for 
many years the cylinder bores, piston 
diameters and crank radii of English 
motor-car engines have been made in 
metric sizes, and no serious difficulty 
has been heard of in motor-car factories 
or garages or spare-parts organizations. 
If English workmen for many years 
have been able to make crankshafts, 
with pins in English sizes, and “throws” 
in metric sizes, it is difficult to under- 


stand how anyone can argue that there 


is a serious problem, or that to solve it 
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the entire Imperial system should be 
swept away. Certain units should be 
allowed to die out, as many have already 
done in quite recent years. Then, if our 
lb. and foot units are brought into 
agreement, as the Committee recom- 
mends (49-52), with those of the United 


States, the world has two systems of 
measurement which can continue to co- 
exist and help. The recent practice of 
the N.P.L. in, stating the dimensions of 
important parts in both systems is a 
good one, and serves as a useful check 
and’an aid to visualization. 
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CURRENT WELDING RESEARCH 
PROBLEMS 


confronted. 
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This article, a report compiled by the Welding Research Council of the Engi- 
neering Foundation, was printed in “The Welding Journal,” June, 1951. It con- 
sists of a compilation of welding research problems with which industry is 


Some of the problems are not suitable 
for University workers because of limi- 
tations of facilities, time or money. If 
any University wishes to undertake re- 
search work on any of these problems 
it is suggested that they first contact the 
central office of the Welding Research 


Council, 29 W. 39th St., New York 18, 
N. Y. 


The Council will assist in the formu- 
lation of the problem in supplying speci- 
mens that may be needed and grants-in- 
aid on approved projects. 


INTRODUCTION 


Some 15 years ago the Engineering 
Societies created, under The Engineer- 
ing Foundation, an organization now 
known as the Welding Research Coun- 
cil, to initiate, encourage and conduct 
research work on the complex problems 
involved in the fabrication of structures 
by welding. 


The complexity of the problems is 


‘such that all branches of science are 


involved. The University Research 
Committee of the Council encourages 
researchers in the fields of pure science, 
as well as applied science, to carry out 
research work on some of these 
problems. 


Affiliation with these activities pro- 
vides the university and the research 
worker with unusual opportunities for 
recognition of accomplishments. 


A conference of University Research 
Professors is held once a year, during 


the time of the National Metal Congress 
and Exposition. The Council annually 
makes available sufficient funds to pay 
for the railroad and pullman expenses 
of the professors who attend, with an 
upper limit of fifty dollars to any one 
professor or research worker. There is 
thus provided an opportunity for a uni- 
versity research worker to discuss his 
problems with leaders of industry and 
with other research workers in the field. 
Through close connection with the 
American Welding Society opportunity 
is provided for the presentation of a 
completed piece of research in the form 
of a paper at the Annual Meeting of the 
Society, which also takes place during 
the time of the above-mentioned Con- 
gress and Exposition. Even though such 
a paper may not be presented, an oppor- 
tunity is provided for its publication 
in a medium which reaches scientific 
workers throughout the entire world. 
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In order to stimulate such research 
the Welding Research Council presents 
an outline of current welding research 
problems. 


This list represents a framework of 
research into which the University 
worker can easily fit his own activities 
without prejudice to either their -inde- 
pendent character or fundamental na- 
ture. At the same time, however, he can 
use his inventive ingenuity on types of 
problems which, because of their value 
to industry, have a direct influence in 
raising our standard of living. 


The problems listed here are not 
meant to be comprehensive or exclusive, 
but rather to suggest the kind of prob- 
lems toward which the Welding Re- 
search Council wishes to direct interest. 


While in many cases there has been 
an effort to refer to work completed, or 
in progress, on each problem listed, it 
should go without saying that any con- 
templated research should be preceded 
by an intensive survey of the past and 
present investigations on the subject 
under consideration. 


In order to facilitate the compilation, 
the suggested problems have been ar- 
ranged according to particular fields of 
research, and have been divided among 
the following selected headings: 


I. Welding Physics and Chemistry. 
II. Metallurgy. 


RESEARCH 


III. Mechanical Properties and Test- 
ing. 
IV. Structural Studies. 
V. Resistance Welding. 


When going over the suggested prob- 
lems the University research worker 
will realize that many of these problems 
may be studied without knowledge of 
the welding process itself and without 
having welding equipment. Others may 
require the procurement of welded speci- 
mens, and payment of expenses. The 
Welding Research Council will assist 
by supplying specimens that may be 
needed and by grants-in-aid on approved 
projects. However, it is imperative to 
make plans well ahead of the time at 
which the research can be started, be- 
cause of unavoidable delays in delivery 
of specimens and appropriation of 
money. Also, the planning should cover 
as many phases of the problems as 
feasible, in order to insure that indi- 
vidual projects may contribute to a 
unified picture of the problem as a 
whole. A comprehensive and adequate 
investigation of any problem frequently 
requires a series of student investiga- 
tions, properly integrated and coordi- 
nated by an interested and enthusiastic 
professor. The publication of progress 
reports, of which the professor is co- 
author, tends to rouse the interest of 
representatives of industry and to ac- 
cord recognition to the university and 
the professor. 


I. WELDING PHYSICS AND CHEMISTRY 


‘Research in the physics and chemistry 
of welding falls into two categories: 


1. Research on welded products. 
2. Research on welding processes, or 
welding operations. 


This list of Suggested Research Prob- 
lems in Physics and Chemistry is sub- 
divided into these two classes. It has 
been compiled partly from previous lists 
and partly from new suggestions. In a 
few instanées; several collaborators have 
sent suggestions ‘ for research on- the 


same subject. Fo preserve the outlook 
of each collaborator, each suggestion has 
been included in the list. 


Basic to most research on welding 
operations and welded products are the 
thermal constants of commercial metals 
at high temperatures. The compilation 
of a table of constants and coefficients 
for commetcial metals up to arc’ tem- 
peratures is suggested as a research 
problem of the first importance. Unfor- 


tunately, many of the thermal! data for 
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WELDING 


the table have not been determined. 
Consequently, researchers on thermal 
studies of welding are handicapped at 
the outset. 


Suggestions for Research on 
Welded Products 


(Refer to the separate sections on 
“Structural Studies” and “Mechanical 
Properties and Testing” for additional 
suggestions. ) 

1. Determination of the magnitude 
and distribution of stress in welded 
joints, particularly in pipes and fab- 
ricated pipe turns. 

This problem is, of course, very im- 
portant and is not by any means limited 
to welded structures. A fundamental 
study of methods for studying stress 
magnitude and distribution would be a 
large task. A great deal has already 
been published on this problem and, 
also, the related question, “Do so-called 
stress relief treatments actually relieve 
stresses?” A specialized article dealing 
with the application of available infor- 
mation on the subject to welded struc- 
tures would be useful. In order to have 
any real value, an article of this kind 
would have to be prepared by a highly 
qualified specialist in this field. A mere 
collection of abstracts, or iiterature re- 
views, would have little value. 

2. The application of the theories of 
elasticity, plasticity and creep to welded 
joints, 

3. A theoretical and experimental 


study of the resistance to high velocity 


application of stress, of different weld 
metals and combinations of plate and 
weld metal. 

4. The re-enforcement of structures 
under load. The development of the 
conductivity formulas and graphs in 
Chapter 2 of the 1950 Edition of the 
Welding Handbook in terms familiar to 
structural engineers, with special em- 
phasis on equation 5, page 64, and on 
the depth of the overheated zone. 

5. Corrosion of Weldments. The par- 
ticular aspect of corrosion phenomena 
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brought about by welding has been 
studied quite extensively, but no satis- 
factory theory has been formulated. This 
is due undoubtedly in part to the com- 
plexity of the phenomenon, but a clearer 
picture is believed to be possible, if cor- 
rosion research were undertaken without 
regard to an immediate practical solu- 
tion of the problem. The following 
fundamental aspects are proposed: 


(a) Influence of metal dissimilarity. 

(b) Influence of metallurgical struc- 
tures. 

(c) Influence of stress. 


This last aspect has particular im- 
portance, because the process of welding 
implies the production of residual 
stresses. 


The rusting of welds in mild and low- 
alloy steels, in the air and submerged, 
should be studied to determine whether 
the same principles apply to bare or 
slag-covered weld metal as to bare or 
scaled plate. 


Suggestions for Research on 
Welding Processes 


Each major welding process has many 
subdivisions. For example, gas welding 
may be subdivided into air-acetylene 
welding, oxyacetylene welding, oxyhy- 
drogen welding and pressure-gas weld- 
ing. Likewise cutting may be sub- 
divided into oxygen cutting, lance cut- 
ting, powder cutting, and arc cutting, 
each of which, in turn, has numerous 
subdivisions. A researcher familiar with 
any of the processes knows that he can 
ask questions about the physics and chem- 
istry of each process that experts can- 
not answer. Frequently the researcher 
has the mental and experimental facili- 
ties the expert lacks to approach the 
problems posed by his process. For this 
reason it is believed that, if the re- 
searcher will familiarize himself with 
the details of any given welding process, 
and break down the process into its 
physical and chemical variables and 
occurrences, the research problems that 
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he can attack will suggest themselves to 
him naturally. 

(A) Resistance Welding (refer to 
the separate section on “Resistance 
Welding”). 

(B) Arc Welding (refer to bibliog- 
raphy being prepared by A.I.E.E, Sub- 
committee or Are Research, R. C. 
McMaster, Chairman). 1. Mechanism 
of Metal Transfer in the Welding Arc. 
Development of instruments and _ tech- 
niques for the observation and measure- 
ment of metal transfer in the iron-iron 
welding arc, a classification of types of 
metal transfer and evaluation of factors 
controlling metal transfer. 

2. Steady-State Properties of Heavy- 
Current Welding Arcs. Evaluation of 
temperature in the arc column, potential 
drops at the surface of the electrodes, 
current density in the are column and 
at the electrodes, potential gradient in 
the arc column, heat produced in the 
are column and at the surfaces of the 
electrodes with arc current, atmosphere, 
pressure, metal vapor and coating con- 
stituents as parameters. 

3. Arc Stability and Methods of Sta- 
bilizing Arcs. Study of the various 
stabilizing circuits with parameters of: 
voltage gradient in the arc column, 
ionization potential of the arc atmos- 
phere, current density and arc current. 
electrode materials and configuration, 
thermal time constant of the arc atmos- 
phere, the recombination and diffusivity 
of electrons and ions in the arc at- 
mosphere, the supply of vapors and 
gases from electrodes and coatings. 

4. Influence of Atmosphere and Coat- 
ing Ingredients Upon the Properties of 
the Welding Arc. Determination of the 
fundamental characteristics of the weld- 
ing are as functions of various atmos- 
pheres. especially their effect on the arc 
heat and heat transfer to the electrode 
and work. 

5. The Influence of Metal Conditions 
Upon the Welding Arc. The charac- 
teristics of the welding arc as functions 
of: ionization potential of the metal 


vapor, the vapor pressure and rate of 
vapor production, the melting and boil- 
ing points, the thermal conductivity, ‘the 
heat of evaporation, the temperature of 
the metal, and the geometry and cooling 
characteristics with refractory and 
readily vaporized electrodes. 

6. Heat Transfer Mechanism Be- 
tween the Arc and Metal Surfaces. 
Study of the electrode potential drop 
region to within a micron of the surface 
as to physical state. power converted 
into heat, heat-transfer laws, melting 
and vaporization of electrode metal, state 
of particles in the arc atmosphere at 
the electrodes and electrical properties 
of this region. Also the heat transferred 
to the electrodes by conduction, convec- 
tion, diffusion and molecular dissocia- 
tion. 

7. High-Current Phenomena in Arcs 
Between Electrodes Other Than Carbon. 
Volt-ampere characteristics at currents 
in the positive-slope region, anode and 
cathode drop characteristics, determina- 
tion of the current-carrying mechanism, 
current density and potential distribu- 
tion in the main arc stream and in the 
anode and cathode drops. determination 
of the percentage of heat dissipation by 
radiation, convection. conduction and 
molecular dissociation. determinations of 
temperature distribution in the arc 
stream, determination of the effect of 
various atmospheres and pressures on 
the arc, the effect of magnetic stabiliza- 
tion. 

8. An extension of Froome’s cathode- 
spot current-density study to steady- 
state arcs. Fundamental information on 
spot mechanism could be obtained with 
cathode-ray and Kerr cell photographs. 

9. Theoretical Treatment of Electron 
Emission by a Very High-Temperature 
Plasma Under the Influence of an Elec- 
tric Field, as Basis for a Reasonable 
Theory of the Cathodic Processes in 
Metal Arcs. Work should include in- 
vestigation of temperature concept. Es- 
sentially a theoretical investigation, the 
results of which then could be checked 
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by comparison with experimental data 
known. 

10. Development of a method of 
measuring instantaneous arc tempera- 
tures with a view toward better under- 
standing of arc stability. 

11. Ionization of the are. An ex- 
ploration of the nature of the ions con- 
tributing to the conduction in arcs of 
various types would be valuable. The 
most attractive problems are: 

(a) Source of charged carriers, 
whether electrode, base, coating 
or shield. 

(b) Influence of the shield on the 
discharge. 

(c) The nature of arcs using various 
metal electrodes. 

A great deal of work has been done, or 
is planned, but the field is so vast that 
parallel researches appear desirable. 

12. Distribution of energy in the 
welding arc. A quantitative measure- 
ment of the energy contained in and 
distributed by an are deserves further 
investigation. The energies used in melt- 
ing electrode, melting plate and radiated 
to the atmasphere and the manner in 
which they are affected by current, 
travel speed, plate temperature and coat- 
ing should be determined. 

13. A study of the relative influx of 
air into covered electrode arcs as a 
function of travel speed, arc length and 
weaving motion. 

14. What causes the are force push- 


_ing back against the electrode? Is it 


related to the gas content of the metal? 
Is it found with nonferrous alloys and 
in inert gas-arc welding and in sub- 
merged arc welding ? 

15. An oscillographic study of strik- 
ing an arc. A quantitative method is 
required for determining ease of arc 
striking with an investigation of the 
following variables: a. c. versus d. c., 
superimposed high-frequency striking 
current, open-circuit voltage, composi- 
tion of atmosphere, nature of striking 
surface, composition of coating on the 
electrode. 
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16. Electric conductvity of welding 
slags up to are temperatures with 
particular reference to submerged arc 
welding. 

17. An exploration of arc action, in- 
cluding visible length, short circuits and 
type of metal transfer, over wide ranges 
of current and voltage. The well-known 
standard covered electrodes should be 
studied as well as submerged arc weld- 
ing. For submerged arc welding the 
electrode might be immersed in a cruci- 
ble of liquid flux above the metal before 
current is turned on. Current-voltage 
determinations might be made with in- 
creasing gap between metal and rod 
(see paper by C. E. Jackson and A. E. 
Shrubsall, The Welding Journal, May 
1950, pages 231-s to 241-s). 

18. Problems in inert gas-are weld- 
ing. (a) Effect of Metal Vapor in Inert 
Gas-Shielded Arcs. How much vapor 
exists in the arc plasma and what is 
its effect on voltage gradient. If pos- 
sible, develop theory predicting observed 
values. 

(b) Are Voltage. Relative portions 
of are voltage due to plasma, cathode 
region, and anode for wide variety of 
currents, current densities, materials, 
and shielding gases. This study would 
provide a basis for further theoretical 
development of the atmospheric are and 
would lead to better understanding of 
wire burn-off and plate melting in 
welding. 

(c) Determination of Deionization 
Time in Atmospheric Arcs. Variation 
of time with gas shield, current and 
other variables. 

(d) Effect of Gas Shield on Transfer 
Phenomena Using Bare Wires. Motion 
pictures of transfer and theoretical de- 
duction of mechanism involved to reduce 
spatter in welding. 

(e) Are Radiation Losses. Measure 
radiation loss from inert gas-shielded 
arcs. 

(f) The effect of H, and H,O addi- 
tions to argon and helium on the sta- 
bility of the inert gas-shielded are with 
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thoriated tungsten, aluminum and stain- 
less steel electrodes. The object of the 
research would be to demonstrate the 
effect of known percentages of H, and 
H,O in the arc atmosphere on *he ease 
of striking an arc and on its steadiness 
using alternating current and both po- 
larities direct current with and without 
superimposed high frequency. 

19. Cooling rates. There have been 
very extensive studies in this field from 
the viewpoint of weldability. There are, 
however, some problems which require 
further study. 

(a) Influence of high currents and 
speeds on cooling rates and also on weld 
contours. 

(b) Extension of data and methods 
of analysis to other metals, such as 
stainless steel and aluminum. 

20. Slag-metal relationships in weld- 
ing. A study should be made of the 
oxygen and manganese contents of slag 
and weld metal for submerged arc weld- 
ing and covered electrode welding. The 
object would be to determine the degree 
of deoxidation of various weld metals 
and the variables affecting deoxidation. 


(C) Gas Welding and Cutting. 1. A 
study of the variation of the composi- 
tion of the weld metal as a function of 
the flame adjustment in oxyacetylene 
welding. 

2. A study of the causes of sparking 
in gas welding with mild steel and low- 
alloy steel rods. 

3. A study of the origin of drag lines 
in oxygen cutting and the effect of 
nonturbulent oxygen jets. 

4. A study of the characteristics of 
flames from different welding torch tips 
as a function of gas pressure. The 
characteristics to be studied are shape 
of flame, radiation from flame and ve- 
locity of gas for various gas-to-oxygen 
mixture ratios. 

(D) Pressure Welding. 1. The pres- 
sure welding of commercial metals, 
similar and dissimilar combinations, 
should be studied to determine the effect 
of the following variables: 

(a) Degree of plastic deformation re- 

quired to secure a weld. 

(b) Effect of the rate of application 

of pressure. 

(c) Role of recrystallization. if any. 


II. METALLURGY 


Since welding is essentially a metal- 
lurgical process, the field of metallurgy 
is expected to supply most of the infor- 
mation needed for successful welding. 
The word successful means producing 
weldments free of the three following 
defect: (1) cracks, (2) porosity (or 
nonmetallic inclusions) and (3) deteri- 
oration of usable characteristics of the 
material of which ductility is the most 


common and the most widely required. | 


Each of these defects is by itself a 
problem of considerable magnitude, and 
it is feasible to study them separately, 
bearing in mind that in many instances 
they are interdependent to a great ex- 
tent. Thus, cracking is perhaps the most 
alarming defect in welding, but con- 
siderable loss in ductility may be po- 
tentially as dangerous because cracking 


may then occur under conditions which 

are considered safe for the nonwelded 

material. Whatever phenomenon is be- 
ing considered, the influence of the fol- 
lowing factors appears immediately. 

1. Base metal. 

2. Weld metal. 

3. Degree of restraint during weld- 

ing. 

4. Treatment before and after weld- 
ing, both mechanical (for exam- 
ple, peening) and thermal (for 
example, the so-called stress-re- 
lieving treatment). 

5. The welding process. 

Each of these factors is defined in 
turn by several more specific and more 
fundamental variables. Thus, base and 
weld metal may be considered from the 
point of view of structural, phase or 
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chemical changes. The degree of re- 
straint may be characterized by geom- 
etry, state of stress or amount of cold 
work, etc. 

What is basically important is to 
reduce all of them to as many inde- 
pendent variables as possible. This is by 
no means an easy problem, and the value 
of a particular investigation is largely 
dependent on how successful it has been 
in varying only one factor, while keep- 
ing the others as constants. 

Much of the metallurgical work per- 
formed in the field of welding research 
has been based on the more thoroughly 
investigated fields such as the heat- 
treatment of steels. This is true of the 
many studies of the relationship of 
hardenability to weldability and the gen- 
eral studies relating weldability and 
composition. 

Although the investigator has been 
hampered in his attempts of simplifying 
experimental procedures, many investi- 
gators have shown their ingenuity in 
design and execution of test programs. 
In the following section will be men- 
tioned some of the general contributions 
to the field of welding metallurgy and 
comments will be included, regarding 
many problems which have not been 
investigated sufficiently to produce a 
generally accepted explanation. 


(A) The Welding of Steel 


A number of articles have covered the 
general problem of welding plain carbon 
and low-alloy steels, the materials gen- 
erally used for investigations of the 
weldability problem. Preliminary dis- 
cussions have appeared in the Research 
Supplements to The Welding Journal, 
for example, Vol. 24, June 1945, page 
313-s and Vol. 28, June 1949, page 246-s. 
The third edition of the Welding Hand- 
book, page 79, contains a rather ex- 
tensive chapter on the ‘Fundamentals 
of Welding Metallurgy.” 

A rather extensive effort is under way 
in the preparation of a Monograph on 
Weldability. This monograph will pre- 


RESEARCH 


sent a general survey of the metallurgy 
of welding together with tables of rec- 
ommendations for the welding proce- 
dures for many specified grades of steel 
covering a wide range of chemical com- 
position, thickness and intended uses. 

Based on a survey of the information 
available in welding metallurgy, the 
following problems are suggested as 
worthy of further note: 

1. There is need for a simple test of 
weldability which can be correlated with 
service. 

2. Much work still remains to be 
done on the effects of welding on the 
notch sensitivity of steel and the reason 
for the change from ductile to brittle 
type of failure. It is hoped that future 
investigations in this field will strive to 
attack the problem more from a theo- 
retical rather than an empirical point of 
view. The many investigations in this 
field and the efforts of the Ship Struc- 
ture Committee being carried out at 
several laboratories should be studied 
before undertaking further work in this 
field. 


3. The studies at Rensselaer Poly- 
technic Institute and Massachusetts In- 
stitute of Technology, as well as some 
of the aspects of the work at Lehigh 
University and Battelle Memorial Insti- 
tute, have been interesting in determin- 
ing the effect of microstructures on 
transition temperature. Further inves- 
tigation of the effects of microstructures 
produced by the welding thermocycle 
would be useful if studied from the 
standpoint of the properties of the struc- 
tures individually and in the aggregate. 
An exhaustive study of the role of 
strain aging in the welding of steel is 
needed. Preliminary work has been car- 
ried out by the University of California. 

4. We need to know more about the 
effect of inclusions and alloy segrega- 
tion, of cooling rates in the ingot phase, 


. heating time in the slab and rolling pro- 


cedure on the cracking tendency of weld 
joints. Although the role of carbon is 
pretty well established, active individual 
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elements, and elements in popular com- 
binations, have not been fully investi- 
gated. Most welding engineers strive 
for crack-free structures and although 
much work has been carried out at 
Lehigh University and Battelle Me- 
morial Institute in this field, many addi- 
tional related investigations are in order. 

5. Further investigation is needed of 
the role of gases such as hydrogen and 
nitrogen as well as the effect of residual 
or tramp alloys in steels on cracking and 
embrittlement of welds. Any such study 
would require the re-evaluation of the 
type of test program which might be 
used, 

6. It would be desirable to prepare a 
quantitative evaluation of the effect of 
type of electrode coating on the crack- 
ing tendency. This might include a valu- 
ation of the performance of slag-shielded 
gas-shielded electrodes on _ the 
soundness and quality of weld deposits. 
Little work has been reported relating 
to the metallurgical reactions between 
welding slags and molten weld metal. 


7. The effect of restraint on cracking 
tendency has been repeatedly pointed 
out. Further investigation would be de- 
sirable in quantitatively evaluating the 
effective restraint in one specimen as 
well as various welded structures. It 
would be highly beneficial to the inves- 
tigators in this field if it were possible 
to quantitatively evaluate restraint. Such 
an evaluation should provide a reference 
for correlating the various test pieces 
and data which have been. obtained 
using various specimens and_ testing 
procedures. 

8. There have been numerous ques- 
tions raised regarding the effect of 
the so-called stress-relief treatment of 
welded structures. It would be well to 
investigate these effects in order to have 
a more fundamental basis for controlling 
the relief of shrinkage and locked-up 
stress in welded structures. The ques- 
tion has been raised as to whether fur- 
nace stress relieving of plates after they 
are formed, followed by preheating 


ahead of welding, is practically as effec- 
tive as furnace stress relieving of the 
entire finished structure. 

9. Another problem which is shhletdy 
related to that of stress relief is that of 
using preheat in structures which nor- 
mally are not suitable for furnace stress- 
relief treatment. Questions have been 
asked whether preheat and stress relief 
are supplementary or complementary. 
As additional information becomes avail- 
able, it appears that the use of preheat 
has effects which are more extensive 
than would be indicated simply by, the 
change in cooling rate in the welding 
zone. 

10. It would be desirable to investi- 
gate the relationship of the stability for 
machining of welded structures which 
have been furnace stress relieved, fabri- 
cated with the use of preheat or fully 
annealed by heat treatment. 

11. Recent studies by the American 
Bureau of Shipping have led to im- 
proved methods of quantitatively meas- 
uring the effects of peening. Further 
studies should be aimed at the evalua- 
tion of the effect of peening as far as 
the cracking tendency, notch sensitivity, 
dimensional stability, as well as _ the 
reduction of distortion. 

12. Recent investigation at the Uni- 
versity of California has pointed out the 
effects of cooling rate at relatively low 
temperatures. This work should be con- 
tinued in order to determine whether 
such an effect might apply to welded 
structures. 

13. It would be well to investigate the 
mechanical properties of the deposited 
metal using various types of ‘electrodes 
over a wide range of testing tempera- 
tures. This study should be aimed at 
detecting brittle structure at both high 
and low temperatures. 

14. Many difficulties have been en- 
countered in the welding of low-quality 
steels containing segregation and lami- 
nations. These effects may be traced to 
gas content or melting and rolling prac- 
tice. An example of this type of problem 
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would be that of investigating the nature 
and cause of porosity, particularly at 
starts and stops, on 4-6% chromium- 
molybdenum steel welded with mineral 
and lime ferritic-coated electrodes. 

15. Other investigations aimed at the 
improvement of the welding of particular 
grades of steel would be desirable. 
Example: Additional work would be 
useful in studying weldability of cast 
steels with their generally higher silicon. 

16. Further correlation is needed on 
the welding of heat-resistant materials 
for gas turbines and jet engines. Such 
a program should include a study of the 
efficiency of different welding methods 
on the properties of the materials in- 
volved in these parts for service at 
elevated temperatures. 

17. Little effort has been reported on 
the over-all effect of composition on the 
performance of welded structures. Much 
of the original work at Battelle related 
to the effect of carbon and manganese. 
Preliminary work has shown that car- 
bon is probably the most potent element 
in reducing the weldability of a steel. 

18. A quantitative investigation of 
the recovery of various elements in arc 
welding would be informative. This 
should include welding processes other 
than with coated electrodes and should 
be aimed at improving the transfer and 
recovery of some of the materials such 
as titanium. 


(B) IWelding of Dissimilar Metals 


1. There is a lack of basic informa- 
tion in the welding of many of the non- 
ferrous metals. This lack of basic infor- 
mation is even more acute in the welding 
of dissimilar metals. Little quantitative 
information is available concerning the 


nature and mechanism of alloy diffusion 
or pickup and dilution. These problems 
pertain especially to the resistance weld- 
ing of dissimilar metals such as: 

(a) Dissimilar ferrous metals. 

(6) Dissimilar nonferrous metals. 

(c) Dissimilar ferrous to nonferrous 
metals. 

A considerable amount of work on spot 
welding of unlike aluminum alloys has 
been reported by Rensselaer Polytechnic 
Institute. Other problems remain such 
as the spot welding of stainless steel to 
low plain carbon or hardenable alloy 
steels. 

2. There is also a lack of basic infor- 
mation in connection with (1) the arc 
welding of clad materials, (2) the arc 
welding of dissimilar metals and (3) 
the arc welding facing operations. 

3. In addition to the above, informa- 
tion is needed on joints between dis- 
similar metals as to: 

(a) Thermal expansion character- 

istics. 

(b) Mechanical properties. 

(c) Effect of elevated temperature on 
alloy diffusion and the effect of 
the diffusion on the properties 
of the joints. This is important 
in high temperature applications 
of clad materials, hard facings, 
etc. 

4. Brazing and soldering involve the 
same general problem as that of joining 
dissimilar metals. There is also, how- 
ever, the specific problem of surface ten- 
sion, more commonly called the tinning 
property of solders, which requires a 
fundamental approach. A method is 
required to measure the tinning prop- 
erties of various brazing and soldering 
materials. 


III. MECHANICAL PROPERTIES AND TESTING 


Many of the problems raised under 
the heading of “Metallurgy” cannot be 
properly solved unless the stress and 
strain characteristics are correctly ac- 
counted for. Further, determination of 


actual mechanical characteristics of ma- 
terial fabricated into a structure and the 
change of these characteristics produced 
by welding are not always shown up by 
usual tests and testing equipment. There- 
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fore, welding has a large stake in the 
field of mechanical engineering and test- 
ing. Of basic importance for welding is 
what has been defined as “The Weld 
Stress Problem.”* This is of major 
interest in the welding of steel, but the 
problem extends to all materials and 
involves both metallurgical and mechan- 
ical fields of research. The following 
covers only the mechanical aspects. 


It is axiomatic that failure of a struc- 
ture must be preceded by plastic flow. 
In some cases this plastic flow is of such 
a small amount as to be almost negli- 
gible, and in extreme cases, such as 
failure of a glass jar at ordinary tem- 
peratures, no measurable deformation 
may take place. However, even in this 
case there is an attempt to plastically 
deform. The state of stress influences 
the conditions under which plastic flow 
can take place. For example, theoreti- 
cally, balanced triaxial stresses would 
cause carbon steel to act as a glass jar, 
i.e., no measurable deformation would 
take place before failure. 


(A) State of Stress 


From the host of information which 
is beginning to accumulate as a result 
of research, evidence seems to emerge 
that states of stress which are not higher 
than biaxial do not alter appreciably the 
initiation of plastic flow as compared to 
the uniaxial tension test. This state- 
ment is valid for the applied as well as 
residual state of stress. The influence 
of notches and metals dissimilarity is 
under investigation, but if conditions are 
limited to the surface, the situation does 
not appear to be much affected by these 
two factors. The real problem is, there- 
fore, what happens below the surface. 
This problem is equivalent to that of a 
triaxial state of stress, for obviously 
no triaxial state of stress can exist at 
the surface. 


It is obvious that one of the most 
important and difficult problems con- 
fronting the research investigator is to 
determine what basic laws govern the 
elastic and plastic deformation of metals 
under various conditions. Additional 
information is badly needed, especially 
on the following topics: 


1. Quantitative data on how much a 
steel of known conventionally deter- 
mined physical properties at different 
temperatures—strength, yield point, duc- 
tility—will deform plastically under spe- 
cific conditions of constraint and speed, 
intensity and cycles of loading. 


2. Determination of the plastic and 
elastic interaction between base and weld 
metals having different mechanical char- 
acteristics, yield point, ultimate tensile 
strength and elongation under various 
external loadings. 


(B) Rate of Straining 

The influence of temperature and rate 
of strain upon the plastic behavior of 
steels is of fundamental importance. 
Considerable work has been done along 
these lines. However, much more data 
are needed before it will be possible to 
apply findings to ordinary steel struc- 
tures. There is evidence that in ferritic 
steel the total amount of strain before 
failure is influenced by two factors— 
temperature and rate of strain. This 
information should be extended. 


(C) Size Effect (Rigidity) 

Evidence begins to accumulate slowly 
that the tendency toward brittle fracture 
increases as the thickness becomes 
greater. The word “rigidity” has been 
used frequently to describe this behavior, 
and plasticity experts would think prob- 
ably of the word “triaxiality.” Actually 
neither of these terms seems to be any 
better than the other, as the true situa- 
tion is probably far more complex. How- 


*“The Weld Stress Problem,” THe Wetpinc Journat, 24 (6), Research Supplement, 313-s to 
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ever, if it were possible to express one 
situation in terms of another, say rigid- 
ity in terms of plate thickness, or the 
latter in terms of triaxiality, an im- 
portant step forward would have been 
made. 


(D) Residual Stress 

In order for residual stress to con- 
tribute to the failure of a structure it 
would be necessary for plastic flow to 
be inhibited to the point that such resid- 
ual stresses would not be relieved by 
local ‘plastic deformation. Enough work 
has been done to show that only under 
very specialized conditions would it be 
possible for residual stresses to thus 
contribute to failure. The important 
question is, in actual failures do such 
conditions exist? The fact that several 
ships have failed under conditions where 
the imposed loads were very low would 
indicate the possibility of harmful ef- 
fects due to residual stresses. The prob- 
lems therefore are: (1) to determine if 
the conditions necessary for residual 
stresses to contribute to failure can 
actually exist; (2) to quantitatively 
evaluate the effects, both beneficial and 
otherwise, of residual tensile and com- 
pressive stresses, especially in welded 
structures; and (3) to determine the 
actual effect, both on metallurgical struc- 
tures and on the state of stress of the 
various stress-relieving processes, in- 
cluding overstressing by hydraulic logd- 
ing, thermal stress relief, low-tempera- 
ture stress relief and peening. Some of 
this work is now being done at various 
laboratories. The Welding Research 
Council is to be contacted for further 
information. 


(E) Mechanical Properties of 
Welded Joints 


The study of the mechanical prop- 
erties of welded joints has provided 
important information to the users of 
welding processes and represents an 
outstanding contribution to the develop- 
ment of these processes. Fundamental 
data are still needed in many fields, and 
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the determination of these data can 
become a gratifying subject for many 
graduate and undergraduate thesis in- 


vestigations. The following problems 
should be considered. 


1. Fatigue Studies. While fatigue is 
at present a problem only under certain 
highly specialized cases, if higher design 
stresses are more widely used, the prob- 
lem of fatigue becomes more important. 
The endurance limit of steel is generally 
a function of ultimate tensile strength. 
However, there are several proposed 
methods of increasing fatigue resistance, 
and these should be studied. Also, fatigue 
effect on fabricated structures should be 
more thoroughly investigated. For ex- 
ample, many beams are fabricated by 
cutting and rewelding standard struc- 
tural shapes. Fatigue effects on these 
are as yet unknown. Studies of fatigue 
in the plastic range are only limited in 
extent and should be broadened. 


2. Test Methods. It is recognized 
that the conventional physical tests do 
not accurately reflect the properties of 
material fabricated into structures. A 
whole series of weldability tests which 
attempt to take into account the struc- 
tural factors have been proposed. None 
has been widely adopted. A rational 
test method is badly needed which will 
enable the behavior of structures to be 
predicted on the basis of small-scale 
tests. 


3. Theory. Various theories covering 
the strength of materials have been 
applied to welded structures. So far, it 
has been impossible-to-apply any gener- 
alized theory, making necessary lengthy 
and involved calculations. The various 
strength theories which have been pro- 
posed should be critically evaluated, 
especially as applied to structures with 
dissimilar properties of weld and base 
metal. 


4. Specific Problems. There are a 
number of specific problems which have 
been referred to the Welding Research 
Council. These are listed below. In 
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many cases, the broader problems re- 
ferred to above would automatically 
involve solution of these individual 
questions : 


(a) Determination of the magnitude 
and distribution of stress in welded 
joints, particularly in pipe. 


(b) It is important to determine to 
what extent plastic straining during the 
hydrostatic pressure test can be relied 
upon to impart final shape to'a pressure 
vessel without impairing the mechanical 
characteristics of the material. This 
problem is of practical interest, since it 
has been observed that the metal near 
the junction circle of the knuckle and 
crown of a conventional basket (dished 
or torispherical) pressure vessel head 
frequently deforms plastically under the 
prescribed hydrostatic test. Similarly, 
depending upon the apex angle and the 
ratio of thickness to shell radius, ‘the 
joint between the conical head and the 
cylindrical shell of a pressure vessel 
deforms much or little under the hydro- 
static pressure test. The change of prop- 
erties produced by the above operation 
should be studied by one of the methods 
worked out in connection with the study 
of weldability, outlined previously under 
Section II—Metallurgy. It is hoped that 
a carefully planned and executed test 
and analytical program. will .provide a 
reliable basis for design. 


(c) The most careful designing of 
the shell of a pressure vessel may be 
completely nullified by poorly designed 
supports. Investigation is desirable as 
to the proper method of design for sad- 
dle, ring and lung supports for hori- 
zontal cylindrical vessels; atd_ skirt, 
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bracket and column supports for both 
spheres and vertical cylinders. 

(d) Investigation is needed of rein- 
forced manhole openings where the man- 
hole consists of a forged ring butt 
welded into the shell plate and the man- 
hole cover is attached by stud bolts in 
the ring. 

(e) Determination of the concentra- 
tion of stresses and development of suit- 
able maximum design stresses in vertical 
vessels having semi-elliptical head and 
supported on skirts that are attached to 
the knuckle of the head. 

(f) The same as above where the 
vertical vessel has a conical or tori- 
conical head. 


(g) Correlation of tensile properties 
of steel plate in a direction at 90° to the 
plane of the plate, with the permissible 
design stress of lap or fillet weld joints 
subjected to tensile loads in the same 
direction. ‘This is of interest in connec- 
tion with proper evaluation of fillet and 
lap weld joints in applications where 
stresses in the direction described above 
are involved, such as in certain types of 
nozzle, head, staybolt and tube sheet 
connections to pressure vessels, and in 
some structural and similar joints. . 

(h) Thermal transient stresses in 
pressure vessels submitted to sudden 
changes of temperature. 

(i) Application of sonics’ and super- 
sonics to nondestructive testing of weld- 
ments. 


(j) Although numerous proposals 
have been advanced for the nondestruc- 
tive testing of flash and spot welds, there 
is a place for more simple and reliable 
methods, if these can be developed. 


IV. STRUCTURAL STUDIES 


Most of the pioneering work in weld- 
ing has started in the structural field. 
This work has been concerned with 
welded joints and welded connections as 
applied to existing types of structure, 
and has resulted in,a substantial. im- 


provement and economy of the struc- 
tural design. In some cases, however, 
the results were less gratifying espe- 
cially where the increased rigidity of 
welded structures had been obtained by 
increasing the thickness or accumulation 
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of the weld deposit. The fundamental 
problem of local rigidity has been dis- 
cussed previously in Section III under 
the heading of Mechanical Properties 
and Testing. Whatever solution is ac- 
cepted for this fundamental problem, 
adequate methods of design must be pro- 
vided. Briefly stated, the problem is to 
design a structure in which greater 
load-carrying capacity and greater sta- 
bility can be achieved without increasing 
locally the thickness of elements or 
accumulating a greater amount of weld. 
This problem can be studied by one of 
the following means: 

1. Model studies on frame and plate- 

like structures. 

2. Design of new types of section for 

welding. 

3. Testing of full-scale structures. 

In addition to this fundamental prob- 
lem, many immediate problems await 
solution, such as: 

4. Transfer of stress at end of partial- 
length cover plates. 

5. Design of spot-welded joints. This 
problem involves the determination of 
proper size, spacing and distribution of 
welded spots for the purpose of achiev- 
ing maximum efficiency in static and 
fatigue loading. 

6. Influence of distortion produced by 
welding on the stability of flanges and 
webs in large plate girders. 

7. Stress distribution in full-scale 
welded structures. Experimental and 
mathematical analysis of stress distri- 
bution in beam and column connections 


RESEARCH 


and in built-up girders should be made 
in order to deduce reliable design 
formulas. 


8. Influence of residual stress on the 
stress distribution in statically indeter- 
minate structures. More specifically, it 
is important to determine whether the 
early plastic flow resulting from the 
presence of residual stresses is beneficial 
in redistributing the effect of over- 
loading. 


9. Increased knowledge is needed of 
shrinkage stresses from the point of 
view of controlling, minimizing and 
correcting distortion. 


10. Significance of fatigue in weld 
design with the idea of improving the 
strength of structural members when 
subjected to cyclic loading. These im- 
provements can be brought about by 
more favorable geometry or by more 
favorable metallurgical conditions at the 
point of initiation of fatigue failures. 


11. The reliability of engineering 
calculations appertaining to structural 
strength with the idea of avoiding brittle 
fractures. 


12. A study of the relative effects on 
weld quality (particularly notch sensi- 
tivity) of weld metal stronger than the 
parent plate, weld metal weaker than 
the parent plate and weld metal of sub- 
stantially the same strength as the 
parent plate. 


13. Most desirable methods of weld- 
ing reinforcing bars used in reinforced 
concrete. 


Vv. RESISTANCE WELDING 


Resistance welding embraces the proc- 
esses of spot welding, seam, projection, 
flash, upset and percussive welding. A 
detailed description of each of these 
processes and the equipment necessary 
thereto is contained in the Welding 
Handbook published by the American 
Welding Society. 


The research problems are rather 
arbitrarily divided into: (A) Electrical 
and Physical Characteristics, (B) Met- 
allurgical Effects, (C) Physical Prop- 
erties and Tests. However, there is 
considerable overlapping among these 
groups. 
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(A) Electrical and Physical 
Characteristics 


1. Determine the relationship between 
electrical contact resistance and the cur- 
rent, pressure, temperature and surface 
preparation of the metal welded. An 
additional phase of this problem involves 
the thermal contact resistance and the 
same variables. Another problem would 
be to investigate the possibility of the 
application of spreading resistance tech- 
niques to spot welding of copper. 


Researchers are referred to technical 
reports published by Rensselaer Poly- 
technic Institute and Johns Hopkins 
University on this subject. 


2. In flash welding study the relation- 
ship of the variables flashing speed, 
current, current cutoff and pressure. 
Thorough instrumentation is required, 
including a recording watt meter and 
recording oscillograph. 


3. An investigation of electrical re- 
sistance brazing including current den- 
sity, pressure, temperature and heating 
time for specific brazed areas, compar- 
ing results with conventional furnace 
heating. Some limitations are encoun- 
tered in making large area joints by fur- 
nace brazing, and this tendency should 
be studied in resistance brazing. 


_ 4, Study the effect of postheating on 
the fatigue strength of spot welds. Post- 
heating is one method that holds possi- 
bility of increasing the comparatively 
low fatigue strength of spot welding 
joints. 

5. Determine the effect of the shape 
of the abutting ends of upset butt-welded 
rods upon the physical properties of the 
joint. Considerable change in proper- 
ties has been found with different end 
preparations, particularly on rods. con- 
taining higher carbon contents up to 
about 0.65%. Different preparations 
could include flat, chisel point or cone 
points. 

6. Seam welding steel. The speed 
with which a seam weld can be made is 


proportional to the frequency of the 
a.-c. power supply. Each wave pro- 
duces a weld nugget and above certain 
speeds unwelded areas appear between 
these nuggets, resulting in lack of pres- 
sure tightness. It may be possible to 
devise other electrical systems without 
this defect. 


(B) Metallurgical Effects 


1. Investigate the metallurgical ef- 
fects of welding dissimilar metals. Work 
with Monel, nickel, Inconel and chrome 
nickel stainless grades should be con- 
sidered. 


2. Spot welding of copper. This 
process depends on proper electrodes 
which will not deteriorate in contact 
with the copper workpieces. It may be 
necessary to generate additional heat 
within the electrodes so that the fusion 
temperature may be reached in spite of 
the high thermal conductivity of the 
copper workpiece. 


3. Spot welding of silicon bronze, 
silicon brass and red and yellow brass 
to determine optimum welding condi- 
tions. Contact resistance must be care- 
fully measured and the application of 
electron defraction equipment might be 
useful, 


4. A study of the effect of welding 
conditions upon the mechanical prop- 
erties and corrosion resistance of spot- 
welded aluminum alloys. 


5. Investigation of the effects of spot 
welding on steels coated with low melt- 
ing point metal, e.g., galvanized steel, 
tin plate, terne plate, gilding metal. 

6. Effect of metallurgical quality (de- 
oxidation, grain size, surface finish) 
on the spot weldability of steel. Again 
surface contact resistance is of prime 
importance. 

7. Basic studies of the properties of 
resistance-welded titanium. 


8. Micro investigation of the fusion 
line of flash and upset butt-welded joints 
for decarburization, or other variations 
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in structure produced by variations in 
the welding conditions. Anomalies in 
properties of these welded joints have 
been ascribed to local variations in the 
structure at the fusion line. 


(C) Physical Properties and Tests 


1. Spot welding. Valuation of the 
effects of residual stress in spot-welded 
assemblies. Stress concentrations of a 


severe order exist in spot welds and 
have an influence on the properties. 

2. Development of nondestructive 
tests and evaluation methods for resist- 
ance welds. 

3. Effect of fiber distortion in flash 
and upset butt welding. A study could 
include a cold-rolled or drawn material 
with pronounced longitudinally oriented 
structures plus the same material in the 
normalized condition. 
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TURBINE RESEARCH AND 
DEVELOPMENT 


Engine- Builder.” 
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The Progress Report of the Parsons 
and Marine Engineering Turbine Re- 
search and Development Association 
{Pametrada) for 1950 contains much 
interesting information in regard to the 
work carried out during the year by 
the design and research departments of 


the organization. The volume of work 
handled by the design department had 
continued to increase \steadily, both in 
the development of new constructional 
features and in the preparation of de- 
signs of turbines and gearing for new 
vessels. 


THE DESIGN DEPARTMENT 


During 1950, more than two-thirds of 
the total horsepower of geared-turbine 
machinery put into commission by mem- 
ber firms represented designs prepared 
by the design department. A proportion 
of these installations followed the prac- 
tice established before Pametrada had 
commenced activities, but there was a 
noticeable increase in the number of 
installations incorporating Pametrada 
designs. 

The year had been marked by great 
activity in the construction of large oil- 
tank vessels. Three, each of 28,000 tons 
deadweight, had been completed for the 
Anglo-Saxon Petroleum Co., Ltd., viz., 
the Velutina (built by Messrs. Swan, 
Hunter & Wigham Richardson, Ltd., 
Wallsend, and engined by the Wallsend 
Slipway and Engineering Co., Ltd), the 
Verena (built and engined by Messrs. 
Harland & Wolff, Ltd., Belfast) and the 


Volsella (built and engined by Messrs. 
Cammell Laird and Co., Ltd., Birken- 
head). A fourth vessel of the class 
would be completed during 1951. 

The continued predominance of large 
tank ships was evident in the new de- 
signs being prepared by Pametrada. A 
series of 28,000-ton vessels for the 
British Tanker Co., Ltd., was nearing 
completion, the first of the group— 
the British Adventure—having been 
launched in December, 1950, by Messrs. 
Vickers-Armstrongs, Ltd., Barrow-in- 
Furness. Basis plans were almost com- 
plete for the machinery of a large tank 
vessel for the Standard Oil Company; 
the installation incorporates turbines of 
Pametrada design and comprises an all- 
impulse h.-p. ahead turbine carrying an 
overhung h.-p. astern turbine, and a 
reaction |.-p. turbine incorporating an 
astern element. The associated gearing 
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would be of the double-reduction articu- 
lated type and the steam conditions at 
the superheater outlet are as follows: 
Pressure, 850 lb. per sq. in. (gauge) ; 
and temperature, 850 deg. F. 

In a-number of other large tank ships 
under construction, the propelling ma- 
chinery was similar to that installed in 
the Anglo-Saxon 28,000-ton ships. 


Interesting designs prepared during 
1950 had included turbine and gearing 
basis plans (to the order of Messrs. 
Vickers-Armstrongs Ltd.) for the pro- 
pelling machinery of a destroyer for the 
Venezuelan Government; designs of the 
propelling machinery for very large tank 
ships, of up to 42,000 tons deadweight ; 
and a number of special designs for 
cross-channel and naval vessels. 


STEAM-TURBINE DESIGN DEVELOPMENTS 


Among technical developments in, re- 
gard to turbine components, probably 
the most important was that relating to 
methods of manufacturing the dia- 
phragms and blading in impulse tur- 
bines. This development provides for 
the assembly of separate blades and 
packers cut from rolled strip and brazed 
together in short groups. Hydraulic- 
pressure tests in a diaphragm embody- 
ing this method of construction had 
shown that its strength and stiffness 
were fully up to expectations; in fact, 
the observed deflection was less than 
one-quarter of that of the present stand- 
ard all-machined type. 


In view of these satisfactory results, 
it had been decided to adopt this design 
in the turbines of four recently-ordered 
vessels, the steam conditions at the 
superheater outlet being: Pressure, 650 
Ib. per in.; and temperature, .850 
deg. F. 


Machinery for making the blade and 
packer strips was being manufactured 
by Messrs. C. A. Parsons & Co., Ltd., 
Newcastle-on-Tyne. The section char- 
acteristics were selected after the wind- 
tunnel tests on these alternative designs. 
The form chosen, it is claimed, confers 
much greater latitude in the choice of 
section, in contrast to the all-machined 
type, where manufacturing considera- 
tions impose limitations on the type of 
section. 

The constructional advantages offered 


by the segmental method of blade as- 
sembly had stimulated a detailed exami- 


nation of all known methods for secur- 
ing the blades, and it was hoped. that it 
might be possible to evolve a fixing, 
suitable for segmental construction, from 
rolled strip and packer, and which re- 
tained the inherently high economy. of 
axial length of the normal. milled blade 
roots of tee or straddle form. 


It was considered that a blade root 
having a strength somewhat inferior to 
the maximum obtainable with normal 
types would be suitable for practically 
all high-pressure blading, and for up to 
90 per cent of the blading of low- 
pressure turbines of the impulse type. 

It had not been found possible, how- 
ever, to apply segmental construction to 
any known blade-root form without ‘sac- 
rificing axial length; and, though a 
satisfactory form had been evolved, it 
was found to be covered by a British 
patent recently issued to applicants who 
were not members of the Association. 
As an alternative to negotiating a manu- 
facturing license, the search for alterna- 
tive forms had been continued and had 
culminated in the development of what 
appeared to be a fundamentally new 
form of turbine-blade fixing, possessing 
all the required characteristics and, in 
addition, promising to be stronger than 
any known form of root, with the excep- 
tion of the almost prohibitively expensive 
side-entry type. The new form was 
being thoroughly tested, and it was con- 
fidently expected that, in a compara- 
tively short time, this type of root would 
supersede all others in impulse turbines 
constructed to Pametrada design. 
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OPERATIONAL PERFORMANCE 


The behavior of turbines built to 
Pametrada designs and installed in new 
vessels had been studied under trial con- 
ditions. The large number of such tur- 
bines now in service had so far proved 
remarkably free from trouble. 


There had been some further instances 
of scuffing in reduction gearing (re- 
ferred to in last year’s report). While 
the full explanation of these difficulties 
remained to be found, it appeared that 
increased tip relief would, at least, 
ameliorate the condition, and, if suffi- 
ciently far-reaching, might effect a com- 
plete cure. The extent to which the full 
depth of tooth remained available for 
load-carrying when the tip was relieved 
by amounts up to as much as 0.005 in. 
was still conjectural; at present, exces- 
sive tip relief was regarded as a pallia- 
tive rather than as a necessary feature 
of involute-tooth gearing. 

Two investigations of machinery 
troubles had been carried out during the 
year under review. The first concerned 
a new set of double-reduction gearing, 
in which peculiar “knocking” was heard 
during the shop trials. This was finally 
traced to a fault in the hobbing machine 
on which the gears had been cut. After 
rectification of the fault, the gears were 
re-cut on the same machine and were 
found to be entirely satisfactory. 

The second investigation concerned a 
series of large tank vessels, in which the 
severity of the one-node torsional criti- 
cal speed had proved somewhat greater 
than had been anticipated. This was 
primarily due to the fact that the “criti- 


cal” occurred 30 per cent higher in the 
power range than had been expected. 
A new form of torsiograph was devel- 
oped for this investigation. Electrical in 
character, the instrument has the advan- 
tage that it can record vibrations at 
four different points simultaneously. The 
pick-up element is driven by the shaft 
under investigation. It is a compara- 
tively simple and inexpensive matter to 
fit the units at a large number of points 
in the system to be investigated. The 
indications of any four of the elements 
can be recorded simultaneously, and, in 
a matter of seconds, any other set of 
four elements may be substituted by 
electrical switching. 


The new torsiograph was devised by 
the design department of the Association 
and developed and constructed by the 
research department. The system in- 
vestigated comprised three turbines, 
driving the output shaft through articu- 
lated double-reduction gearing. The one- 
node critical occurred at approximately 
60 per cent of full speed in all the vessels 
investigated. At this speed, the torque 
developed in the 1.-p. turbine was very 
small, and the opinion was formed that, 
in these conditions, the l.-p. gear train 
was virtually idling. In such circum- 
stances, the turbine inertia would not 
have its anticipated effect on the system 
as a whole; and a calculation based 
upon this assumption gave a theoretical 
critical speed in close agreement with 
the observed value. The verification of 
the theory would, however, entail further 
investigation. 


REDUCTION-GEARING RESEARCH 


The theoretical examination of im- 
proved forms of reduction gearing had 
been actively pursued during the year, 
especial attention having been paid to 
the development of gearboxes capable of 


driving either ahead or astern, at will, 
and having double epicyclic trains in 
which rotation of either of the two 
annulus members could be prevented by 
hydraulic brakes. With one brake in 
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use, the gear drives the propeller shaft 
in the ahead direction; with the other 
brake in use, the direction of rotation 
is reversed and, at the same time, the 
reduction ratio is altered to suit astern 
conditions. Though some time would 


elapse before such gears ‘had been de- 
veloped to a. stage at which they might 
be installed in an ocean-going vessel, 
efforts in this direction would be well 
repaid in the simplification of turbine 
design. 


STEAM-TURBINE TESTING AND RESEARCH 


Among the major activities of the re- 
search department had been the full- 
scale testing of steam-turbine machinery 
for the Admiralty. The plant for carry- 
ing out these tests had been completely 
assembled, and the methods of calibra- 


tion and control adopted ensured that” 


the tests could be repeated within an 
accuracy tolerance of +% per cent. 
These tests, it was claimed, were the 
most extensive ever carried out ashore 
on marine turbine machinery. 


In continuation of the tests of ma- 
chinery for the Daring-class destroyers, 
trials had been conducted on the Daring 
II. machinery, which is identical with 
the Daring I. installation, with the ex- 
ception that it incorporates an impulse 
h.-p. turbine, instead of the impulse- 
reaction h.-p. turbine of the Daring I. 
installation. 


The steam-flow path of the Daring II. 
unit was designed by the British 


Thomson-Houston Co., Ltd., Rugby ; the 
detailed drawings were produced by 
Pametrada ; and the machinery was con- 
structed by Messrs. Joma Brown & Co., 
Ltd., Clydebank. 


The duration of these main-machinery 
trials had amounted to 286 hours. The 
consumption trials had been performed 
in one continuous run. 

The erection of the Daring III. all- 
impulse machinery (for trials) was be- 
gun in July, 1950; the tests began in 
mid-November and were still in prog- 
ress at the end of the year. 


Measurements of the pressure drop in 
steam pipes were made with the aid of 
a special mercury manometer, in which 
the mercury level in a steel tube is ascer- 
tained by means of gamma rays and an 
ionization screen. In the Daring II. 
trials, this device was employed to 
measure the pressure drop across the 
first group of nozzle-control valves. 


CONDENSER DEVELOPMENTS 


Measurements of the heat transfer in 
condensers had been made on the occa- 
sion of the Daring I. trials, and a 
further investigation was made during 
the Daring II. trials, in order to estab- 
lish heat-transfer coefficients in indi- 
vidual condenser tubes. The results, 
however, were not conclusive; overall 
heat-transfer measurements showed the 
condenser to be functioning inefficiently, 
and subsequent cleaning of the con- 
denser tubes resulted in a large im- 
provement. Owing to difficulties in 
instrumentation, it had not been pos- 
sible to obtain reliable pressure-drop 
measurements on the steam side of the 


condenser. In the Daring III. trials, 
therefore, the vacuum-gauge pipes were 
modified, and consistent readings were 
now being obtained. No further attempt 
had been made to determine the heat- 
transfer characteristics of individual 
condenser tubes; research on this prob- 
lem was confined to the experimental 
condenser. 

Condenser research being carried out 
included two items. The first involved 
a medium-sized experimental condenser, 
in which an investigation was to be 
made of the heat-transfer rate, the dis- 
tribution of the effectiveness of the 
tubes, the effect of circulating-water 
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speeds and conditions of flow on the 
steam side. The condenser was being 


tubed by the Wallsend. Slipway & Engi-. 


neering Co., Ltd. The ancillary equip- 
ment was in course of manufacture at 
the end of the period under review. 


The second item comprised similar 
tests on a number of small condenser 
elements developed by Professor Cave- 
Brown-Cave. These elements have sec- 
ondary surface on the water side, and 
the steam-side flow paths are tapered 
with the object of maintaining the ve- 
locity of the vapor over the surfaces as 
condensation takes place. 

Measuring Condenser-water Temper- 
ature. The measurement of condenser- 
water temperature had been found 
somewhat: unreliable in earlier trials, 
and for the Daring III. trials a new 
method was employed. The technique 
was based on the use of the Thermistor 
—a device recently developed by the 
Standard Telephones and Cables, Ltd., 


London, and which is virtually an elec- 
trical resistance with a very high nega- 
tive temperature coefficient. 


For the condenser trials, 12 Thermis- 
tors were employed—two in the inlet 
and a grid of 10 in the outlet. Each 
Thermistor was encased in a small cap- 
sule made from condenser tubing, filled 
with transformer oil and sealed. The 
12 measuring heads were automatically 
selected in turn, the temperature of each 
being displayed for 10 seconds. The in- 
strument, which comprises a Wheat- 
stone-bridge arrangement, with a large 


‘milliammeter to measure the unbalance 


in the bridge caused by the Thermistor 
temperature characteristic, gives read- 
ings proportional to the temperature of 
the Thermistor to which it is connected. 
Each Thermistor has been calibrated 
with the instrument and, in the range 
between 32 and 120 deg. F., an accuracy 
of +% deg. F. is obtained. 


TEMPERATURE AND DISTORTION IN STEAM TURBINES 


Among the various experimental in- 
vestigations carried out on steam tur- 
bines during the year, those relating to 
temperature distribution and thermal ex- 
pansion were particularly noteworthy. 
During the Daring IT. trials, observa- 
tions of the temperature distribution in 
the l.-p. turbine casing during astern 
running were made with the aid of an 


improved type of thermocouple head. 
In order to measure the relative move-. 


ment between rotor and casing at the 
after end of the turbines, air pressurized 


gauges were employed. The observa- 


tions confirmed that the gashed rotor of 
the Daring IT. machinery expanded and 
contracted more rapidly than the solid 
rotor of the Daring I. machinery, due 
to the circumstance that the thermal 
capacity of the gashed rotor was less 
than that of the turbine casing. 


In order to ascertain the temperature 
in. the rotor bore, thermocouples were 
employed in the rotor of the Daring II. 


turbine; in the Daring I/II. trials, an 
improved version of the apparatus has 
so far given excellent results. 


In regard to the measurement of tur- 
bine distortion, previous trials had 
shown that optical methods of measure- 
ment might give inconsistent results 
under testhouse conditions. Mechanical 
means were therefore devised, and satis- 
factory results were obtained. 


For the purposes of turbine-blade re- 
search, an interesting test rig had been 
devised. The rig was in the form of a 
single-stage impulse turbine in which 
the nozzles rotate, while the blades re- 
main stationary, so that blade vibration 
may be examined more thoroughly. 


At the end of the year under review, 
plans had been made to conduct turbine 
water-drainage experiments with the 
object of determining the quantity of 
water which might be removed from the 
steam towards the end of its expansion 
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in the turbine, and the effect of varying 
degrees of moisture removal on turbine 
efficiency. It was also intended to ex- 
amine the effect of moisture on the 
erosion of the final blades. Suitable 


water-catchment devices were being de- 
veloped, and these would eventually be 
incorporated in a new inner casing to 
be ordered for the Pametrada “Utility” 
turbine: 


GAS-TURBINE RESEARCH 


A number of difficulties had arisen in 
the operation of the experimental 3500- 
S.H.P. marine gas turbine. Particularly 
troublesome was the behavior of the 
h.-p. and 1.-p. compressors, which ex- 
hibited surging at much greater mass- 
flow rates than had been expected. Fuel 
was first burned in the combustion 
chambers of the set on the 18th and 19th 
April; for some 10 days, efforts were 
made to bring the set to the self-running 
condition, but were stopped by the occur- 
rence of gland distortion in the h.-p. tur- 
bine. After modification of the gland 
sleeves, with a view to preventing this 
distortion, running was resumed on the 
18th and 19th May, but movement of the 
h.-p. turbine casing caused gland and 
blade “rubs.” Moreover, self-running 
was impossible, owing to the early oc- 
currence of surging in the compressors. 


It was therefore decided to conduct 
further basic investigations into the 
aerodynamic and mechanical behavior 
of the compressors before again testing 
the unit as a whole. 


During the ensuing months, consider- 
able trouble was experienced as a result 
of blade rubbing in the h.-p. turbine, 
and various measures were taken in 
order to cure this defect. Wind-tunnel 
tests on models of the inlet ducting and 
the compressor-inlet belts revealed the 
need for corner cascades in the ducting 
and certain other measures. 


All modifications were completed by 
the middle of August, but it was then 
found that the fixed and moving blades of 
the h.-p. compressor rotor were fouling 
each other. The fault was rectified and 
the re-erection of the compressors was 
completed at the beginning of Septem- 
ber. It was found that the compressor 


characteristics had been much improved 
when running the compressor up to a 
speed of 2780 r.p.m. by means of. the 
starting motor. Actual running of the 
unit began on the 20th October and 
the h.-p. set reached the self-running 
condition at.about 4300 r.p.m. with an 
h.-p. turbine-inlet temperature of about 
750 deg. F. Despite the improved per- 
formance, however, surging still oc- 
curred at too large a mass flow. Further 
alterations achieved no improvement in 
this respect; it was therefore decided to 
reduce the blade height (and thus the 
flow area) throughout the l.-p. com- 
pressor, and this work was still in hand 
at the end of the period under review. 

Experimental Compressor. In view of 
the difficulties experienced with the com- 
pressor for the 3500-S.H.P. marine gas- 
turbine plant, it is of interest to note 
the reference in the report to an experi- 
mental axial-flow compressor, built by 
Messrs. Cammell Laird & Co., Ltd., for 
the purpose of obtaining design data. 
The trials of this compressor were to be 
supplemented by tests on blading in 
cascade. 


Combustion Chambers. Considerable 
experience had been gained in the opera- 
tion of the combustion chambers of the 
3500-S.H.P. gas turbine. The chamber 
had so far given no trouble, and the 
flame length appeared to be even shorter 
than expected. The report pointed out 
that the chamber had yet to function 
under more severe conditions, and there 
were indications that some parts of the 
flame tube might be overheated. 


A small combustion chamber, with 
improved air cooling, was under con- 
struction for research purposes, and a 
miniature combustion rig for studying 
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ash-fouling problems had undergone pre- 
liminary tests. The effect of ash on 
turbine blades was receiving attention, 
and much work had been carried out 


on the destructive effect of yanadium-_ 


bearing ash on gas-turbine steels. An 
investigation into the potentialities of 
refractory turbine blades was being pur- 
sued, in conjunction with the Morgan 
Crucible Co., Ltd. 


POWER-TRANSMISSION DEVELOPMENTS 


In the section dealing with power 
transmission, brief references are made 
to various investigations. A back-to- 
back test was being conducted on the 
Swiss-made Maag gearing, intended for 
H.M.S. Diana. These two-cylinder 
double-reduction locked gear trains, 
which are of the single-helical type, are 
air-hardened and ground. 


In a back-to-back test, a 4000-H.P. 
set of hobbed gears, without helix cor- 
rection, had been run to destruction. 
These trials were followed by tests on 
similar gearing, in which the _ helices 
were corrected for torsion and flexure, 
and it was found possible to operate 
this set with the substantial overload of 
225 percent, in excess of the normal 
rating, without sign of failure. This 
condition represented the limit of the 
torque loader employed, and it was in- 
tended to make the loader suitable for 
the application of still higher torques. 


Testing and development work had 
proceeded in connection with hydraulic 
reversing mechanisms, incorporating a 
coupling of modified Vulcan type for 
ahead running and two alternative types 
of astern converter designed by the 
Association. The units were suitable for 
use with the 3500-S.H.P. gas turbine, 
but such mechanisms were applicable to 
both steam and gas turbines. 


The development of electromagnetic 
torque meters had met with a number 
of difficulties which were being gradu- 
ally overcome. A preliminary design 
had been prepared for a hydraulic torque 
meter, based on-a maximum torque of 
5000 Ib.-ft. at a maximum speed of 
9000 r.p.m. 


A precision r.p.m. indicator, to be 
employed in conjunction with the ex- 
perimental compressor mentioned in the 
foregoing, was also being developed. 
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OIL PURIFICATION 


PURIFICATION OF DIESEL-ENGINE 
FUELS IN RELATION TO ~ 
CYLINDER-LINER WEAR 


With Special Reference to the Employment of Boiler Oil 
in Motor Ships 


Joun Lams. 


ACKNOWLEDGMENT 
The May, 1951, issue of “The British Motor Ship” contained this article by 


That the main engines, and in many 
cases the auxiliary oil engines, of some 
hundreds of motor ships have been 
equipped to burn boiler fuel since the 
writer’s papers on this subject were pre- 
sented before the Institute of Marine 
Engineers in December, 1947, and 
April, 1950, demonstrates that ship- 
owners and their technical advisers 
were favorably impressed by the results 
previously obtained in the Auricula and 
other motor ships of the Anglo-Saxon 
Petroleum Co.’s tanker fleet. 


At the present time, 35 Anglo-Saxon 
tankers of round about 12,000 tons d.w., 
propelled by Werkspoor, B. and W., 
and M.A.N.-type engines, have been 
equipped and are operating with entire 
satisfaction on ordinary commercial 
grades of fuel obtained from world-wide 
bunkering ports. The viscosity of the 
fuels shipped varies from 100 secs. to 
3500 secs. Redwood No. 1 at 100 de- 
grees F., and the only alteration neces- 
sary is to fit a different type of fuel- 
valve nozzle when the viscosity of the 
fuel is between 1500 and 3500 secs. 


OPERATING ADVANTAGES OF BOILER OIL 


Experience totaling 38  ship-years 
with this large number of tankers proves 
that the engines require no more atten- 
tion than when operating on Diesel fuel, 
and that the wear rates of cylinder 
liners and piston rings, particulars of 
which will be given, are no greater 
when burning the cheaper grades of 
fuel. Moreover, the length of time that 
such parts as exhaust valves will oper- 
ate without attention is found to be 


greatly increased, while the less “search- 
ing” property of the ‘viscous fuels has 
advantages. Because of this, and the 
fact that engines run more smoothly 
when burning high-viscosity fuels, it is 
not uncommon for ships’ engineers to 
ask, when being reappointed after fur- 
lough, for a motor ship which is PK: 
ating.on such fuel. 

Of the vast majority of motor ships 
operating.on boiler fuels treated in the 
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manner recommended in the two papers 
referred to earlier, the desired good re- 
sults are being obtained, but a few in- 
stances have come to the writer’s notice 
where cylinder-liner and piston-ring 
wear rates are greater than, it is alleged, 
would have been the case had the engines 
operated on the most costly, heavier and 
less viscous Diesel fuel. 

Upon investigation it is generally 
found that either the fuel is not being 
treated or the engine is not heing oper- 
ated in the manner necessary when 
burning boiler fuels. In some cases it 
is found that purifying and injection 
temperatures are not being adhered to, 
whilst in others the maximum quantity 
of injurious matter in the fuel is not 
being extracted because the important 
practice of reducing the through-put of 
the centrifugal separators is not being 
followed. The importance of subjecting 
the fuel to centrifugal force for a time 
sufficiently long to extract the whole of 
the insoluble ash cannot be emphasized 
too strongly. It may be that some 
makers of these machines express the 
view that it is unnecessary to reduce 
the throughput of their particular prod- 


ucts, and as the writer has not had 
experience with all makes of centrifugal 
separators he cannot dispute this state- 
ment; but as regards the machines with 
which, he has had experience, there is no 
doubt whatever that the rated capacity 
must be reduced when purifying high- 
viscosity fuels for Diesel engines. Those 
responsible for the operation of motor 
ships on the cheaper grades of fuel are, 
therefore, advised to satisfy themselves 
that such claims can be substantiated 
before they are accepted. 


Apart from this and the necessity to 
ensure the equipment installed being 
adequate for the purpose, the results 
obtained are in the hands of the ships’ 
engineer officers, and in view of this 
and the fact that the junior members of 
ships’ engine-room staffs may not be 
fully appreciative of the importance of 
adhering to temperatures and rates of 
throughput, it may be helpful to set 
down the fundamentals of fuel purifica- 
tion and make suggestions regarding 
variations in procedure which may be- 
come necessary with certain grades of 
fuel. 


INJURIOUS MATTER IN VISCOUS FUELS 


Insoluble ash consists chiefly of par- 
ticles of earthy matter, rust, etc., picked 
up between leaving the oil refinery and 
reaching a ship’s daily supply tank, and 
the particles vary considerably in size 
and weight. The larger and heavier 
particles settle out quite readily if the 
fuel is left undisturbed for a time, but 
the smaller particles in fine powdery 
form are so buoyant that they remain in 
suspension and can only be extracted by 


filtering, which is a slow process, or 
by centrifuging. As the division be- 
tween the particles that settle out when- 
ever the fuel is left undisturbed and the 
particles that do not is dependent upon 
the weight or gravity of the fuel, the 
reason why high-viscosity fuel, which 
as a rule, but not always, varies directly 
as the gravity, contains a greater pro- 
portion of insoluble ash, is understand- 
able. 


EFFECT OF HEATING VISCOUS FUELS 


Applying heat to fuel has the effect of 
increasing its bulk and reducing its 
weight per unit volume. Heat has rela- 
tively no such effect upon the particles 
of solid matter contained in the fuel, so 
that the effect of applying heat to such 


a mixture is to increase the difference 
between the weight of the liquid and 
that of an equal volume of solid matter. 
Raising the temperature of a quantity 
of fuel has the effect, therefore, of 
facilitating the separating of the liquid 
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and solid portions of the fuel, irrespec- 
tive of whether the separation is effected 
by means of settling-out or centrifuging. 


In practice it has been found that the 
most suitable temperature when centri- 
fuging is 180 degrees F., and 100 de- 
grees F. when settling-out. The reason 
why the settling-out temperature is rela- 
tively low is because the long time the 
fuel is usually subjected to this tempera- 
ture is bound to have an adverse effect 
on the fuel. 


When centrifuging the time is too 
short for detrimental changes of this 
nature to occur, and a_ temperature 
higher than 180 degrees F., could be 
adopted without ill-effect in the direc- 


tion mentioned; but experiments have 
shown that, from the point of view of 
maximum ‘extraction of objectionable 
matter, there: is nothing to be gained 
by heating: the ‘fuel to a higher tem- 
perature. 

The usual practice on board ship is to 
heat the fuel before it is taken from the 
storage tanks for purification. There is 
no objection to such a practice, since it 
reduces the heat to be applied in the 
heater just prior to the fuel entering 
the centrifugal separators. As, however, 
the heat will be applied to the storage 
tanks for a relatively long time, the 
temperature should not be allowed to 
exceed the temperature recommended for 
settling-out, namely, 100 degrees F. 


MATTER EXTRACTED BY CENTRIFUGAL SEPARATORS 


The frequency with which the bowls 
of these centrifugal machines require to 
be emptied depends upon the quantity of 
solid matter and, to a certain extent, 
the composition of the fuel. The main 
purpose of centrifuging is to extract 
water and insoluble ash, which tend to 
be greater in quantity with high- 
viscosity fuels. It does not follow, how- 


ever, that the higher the viscosity the 
more frequently will the separator bowls 
require to be emptied, because these 
machines can extract other constituents 
of petroleum fuels, as, for instance, wax. 
As waxy constituents of petroleum are 
good combustibles and readily burnt in 
Diesel engines, they should not, if it 
can be avoided, be extracted. 


THROUGHPUT OF CENTRIFUGAL SEPARATORS 


As regards the extraction of the 
insoluble ash content, which is mainly 
responsible for the wear of cylinder 
liners and piston rings, the aim should 
be to extract the whole of this objec- 
tionable matter. 


This has been found to be quite pos- 
sible irrespective of the viscosity of the 
fuel providing the fuel is subjected to 
centrifugal force long enough. In other 
words, it is most important that the 
throughput of centrifugal separators 
should not be greater than that found 
necessary to extract the whole of the 
insoluble ash content. In the case of the 
separators which the author used, it was 
found that the desired results could be 


obtained only if the throughput was 
half the throughput of the machines. 
This rate of throughput ensures the 
solid matter being subjected to cen- 
trifugal force for about double the time 
and results in a greater quantity being 
extracted. 


It is naturally more difficult to sepa- 
rate the minute ‘particles of solid matter 
from viscous fuel than from less viscous 
fuel, and it may be that with fuels of 
less than, say, 1000 secs. such a reduced 
throughput is not really necessary. With 
the majority of fuels within this range 
no harm will be done by restricting the 
rate of throughput, but with some others 
it may happen that during the extended 
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time over which the fuel is subjected to 
centrifugal force other constituents of 
the fuel are extracted. When, therefore, 
comparatively light fuels are being puri- 
fied and the centrifugal separator bowls 


require to be emptied more frequently 
than usual because of the extraction of 
a greasy substance, the question of in- 
creasing the throughput should be con- 
sidered. 


PURIFYING TEMPERATURES FOR RELATIVELY LIGHT FUELS 


From what has been noted regarding 
the relative weights of the liquid portion 
of the fuel and the solid matter in the 
form of insoluble ash, it will be appreci- 
ated that light fuels may not require to 
be heated to the same temperature as 
heavy fuels. In the case of some light 
fuels below 600 secs. viscosity, heating 
to 180 degrees F. will have no adverse 
effect apart from using more heating 
steam than is really necessary, but in 
the case of other fuels of similar vis- 
cosity but of different composition, tem- 
peratures, in the region of 180 degrees 
F. may cause difficulties in the cen- 


FUEL INJECTION 


If boiler fuel has been properly puri- 
fied, ie., run through suitable centrifu- 
gal separators at the correct rate and 
at the right temperature, it will burn 
completely in the allotted time in most 
makes of marine Diesel engine provided 
that before it reaches the engine it is 
heated and its viscosity reduced to (1) 
ensure that it will flow freely to the 
H.P. fuel pumps, (2) avoid excessively 
high injection pressures, and (3) maine 
it more easily atomizable. 


In order to meet these conditions, the 
injection temperature requires to be be- 
tween 160 degrees F. and 200 degrees 
F. When operating under normal full- 
load conditions, no difficulty is experi- 
enced in maintaining the correct tem- 
perature, but particular attention is 
required when starting an engine from 
cold or running at slow speeds for long 
periods in cold climates. 


trifugal separators owing to the waxy . 


constituents being extracted with the 
ash and necessitating the bowls of these 
machines being emptied at very frequent 
intervals. When this occurs, the purify- 
ing temperature should be varied 10 
degrees at a time until the wax-like 
substances pass through the machines 
with the purified fuel. In some cases it 
may be found that the fuel does not 
require to be pre-heated, the character- 
istics of the fuel being such that all 
insoluble ash can be extracted without 
such treatment. 


TEMPERATURES 


Before starting from cold, the fuel 
must be heated to the injection tempera- 
ture and circulated for an hour or sc to 
bring the pumps, pipes and all fittings in 
the system to approximately the normal 
working temperature. The circulating 
pump should be started before steam is 
applied to the heater. Only a little steam 
is required at first and then gradually 
increased during the first half hour, this 
to avoid local overheating of the fuel. 
The circulating hot fuel should extend 
as far as the fuel injection valves before 
returning to the inlet side of the heater. 
All pipes conveying hot fuel should be 
efficiently lagged with insulating ma- 
terial. Efficient lagging is particularly 
necessary when running at slow speeds 
for long periods and the rate of flow 
through the pipes is relatively slow, and 
when maneuvering in and out of port 
during cold weather. 
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PRE-HEATING ENGINE CYLINDERS 


It is always wise to pre-heat the 
cylinders of an engine before starting 
from cold in order to reduce expansion 
stresses as much as possible. In the case 
of a Diesel engine burning boiler fuel 
pre-heating is essential, since in addi- 
tion to reducing expansion stresses in 
the castings the fuel injection valves 
require to be at a temperature that will 
not chill the fuel when the engine 
begins working. In most cases the fuel 
can be circulated prior to starting only 
up to the point when the fuel enters the 
fuel valve housing, so that the circulat- 
ing water in the cylinder jackets is de- 
pended upon for heating the fuel valves 
and the fuel lying in them. The pre- 
heating of the fuel valves is of sufficient 
importance to justify the provision of a 
separate water-circulating system which 


can be heated to a temperature in the 
neighborhood of 140 degrees F. 


In the 35 12,000-ton d.w. motor ships 
of the Anglo-Saxon tanker fleet now 
operating on high-viscosity fuels the 
wear rates of cylinder liners and piston 
rings are no greater than would have 
been expected had the engines been 
operated on Diesel fuel. To give the 
wear rate of each ship in detail would 
require more space than is available, 
and as the results are much the same in 
each case two ships have been selected 
as typical examples. The first is the 
Hawthorn-Werkspoor-engined Auricula, 
which was commissioned in August, 
1946, and has operated ever since on 
boiler fuel, and the other is the Harland 
and Wolff-B. and W.-engined ship 
Dromus, built in 1938 and operated 
since November, 1948, on boiler fuel. 


PERFORMANCE OF THE ENGINE OF THE M.S. “AURICULA” 


In December, 1950, this ship had 
operated at full power for 25,073 hours 
and the average wear rate of Nos. 1, 2, 
3, 6, 7 and 8 cylinder liners at a point 
4 ins. from the top of the piston stroke 
works out at 0.095 mm. per 1000 hours, 
which is slightly less than “4ooo in. 
per 1000 hours, the normal figure when 
operating on Diesel fuel. 

In August, 1949, Nos. 4 and 5 cyl- 
inder liners in this ship were removed 
and replaced by two new liners in order 
solely to obtain information regarding 


the wear rates of an ordinary liner and 


a, liner the bore of which had been 
chrome plated. The new ordinary liner 
was fitted in No. 4 and the chrome- 
plated liner in No. 5 cylinder. 
Between August, 1949, and Decem- 
ber, 1950, the engine operated for 6381 
full-power hours. and the average maxi- 
mum wear for No. 4 liner worked out 
at 0.140 mm. per 1000 hours, and the 
chrome-plated liner 0.045 mm. for the 
same period. The wear rate of the new 


No. 4 liner is, it will be observed, 
greater than that of the six original 
liners. This is quite normal as the wear 
rate of liners is always greater during 
the first year’s operation, and when No. 
4 liner has been in service for 25,073 
hours the wear rate will doubtless be 
the same as the six original liners within 
a small margin. 


This ship will be five years old next 
August, when she will undergo her 
fourth periodical drydocking. During 
that time the 4000 ih.p. engine has 
operated with entire satisfaction. No 
troubles of any kind have been experi- 
enced and not a single tide has been 
lost because the engine was not ready 
for sea. Actually, this ship has had more 
days at sea than similar ships which it 
has not been possible to equip for the 
burning of boiler fuels, because these 
ships drydock every nine months, 
whereas the Auricula in the normal way 
drydocks at 12-monthly intervals. 
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CYLINDER-LINER WEAR OF THE M.S. -“DROMUS” 


_This ship was 10 years old when 
equipped to burn boiler fuel in Novem- 
ber, 1948, and the cylinder liners were 
nearing the end of their useful life. In 
order to determine the effect of burning 
boiler fuel in liners already badly worn 
it was decided to leave in place Nos. 1, 
3 and 4 liners which had worn a maxi- 
mum of approximately 5 mm. The re- 


maining five liners were renewed.. 


After operating for 8395 full-power 
hours on fuels varying in viscosity from 
1200 to 1500 secs., the old and new 
liners were gauged for wear that had 
taken place since November, 1948, and 
the maximum readings in mm. found 
to be as follow: 


Fore and Aft Athwartships Mean 
New Liners (5) .. 0.124 0.149 0.136 
Old Liners (3) .. 0.089 0.146 0.117 


In respect of blow-past the piston 
rings there was no difference between 
the old and new liners, but the wear 
rate of the rings in the old liners was, 
as expected, greater, and two further 
old liners have since been replaced by 
new parts. 

Apart from showing that if boiler 
fuel is properly treated before it is in- 
jected into the engine cylinders the 
wear rate of either new or old cylinder 
liners is no different from what could 
be expected when burning the much 


more costly Diesel fuel, the foregoing 
gauge readings are interesting inasmuch 
as they show how the wear rate varies 
during the useful life of cylinder liners. 
During the first year or so the wear 
rate is relatively high, and after the 
amount reaches what is usually con- 
sidered the maximum permissible for 
liners of about 670 mm. diameter, 
namely, 5-6 mm., the wear rate again 
becomes relatively high, but not so high 
as during the period when a hard, wear- 
resisting skin is being formed. 
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WELDING IN AMERICAN ENGINEERING 
EDUCATION 


ACKNOWLEDGMENT 


This article, published in the May, 1951, issue of “The Welding Journal,” 
was written by J. HEUSCHKEL, of the Westinghouse Research Laboratories, East 
Pittsburgh, Pa. It discusses the results of a letter survey on the problems of 
teaching welding, welded design and welding engineering in colleges. 


I. INTRODUCTION 


During the past thirty years, welding 
has become widely accepted as a means 
of fastening together the subparts of the 
many and often complex metallic assem- 
blies that constitute the working mecha- 
nisms of a dynamic industrial and 
agricultural America. It is the function 
of the Educational Committee of the 
American Welding Society to contin- 
uously further a widespread understand- 
ing of the progressively expanding 
frontiers of knowledge which have been 
and are continuing to be achieved within 
the field of welded fabrication as the 
result of the combined efforts and ex- 
periences of research, development, ap- 
plication and educational personnel. As 
welding has become an increasingly im- 
portant fabrication tool, it becomes more 
and more important that engineering 
students and their instructors recognize 
the fundamental importance of this 
method of fabrication, and also com- 
prehend the technical problems which 
are peculiar to the usage of this method. 
It is therefore well that a legitimate 


professional contact be established and 
maintained between the Committee and 
the teaching staffs of the Engineering 
Colleges. 


Heretofore, the Committee has been 


‘somewhat handicapped in knowing how 


to proceed with the treatment of possible 
problems in aiding the professorial staffs 
of the various accredited engineering 
colleges at the level indicated and as 
required or requested by those institu- 
tions. To alleviate this condition and to 
facilitate the future establishment of a 
high level of cooperation between in- 
dustry and educators, a 1950 single letter 
survey was made of all the accredited 
American engineering colleges for the 
purpose of: 


(a) acquainting them with the exist- 
ence of the A.W.S. Educational 
Committee ; 

(6) pointing out that design for weld- 
ing is one common meeting 
ground for most engineering stu- 
dents and it is also of funda- 
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mental importance from an in- 
dustrial viewpoint ; 

(c) asking the views of the top level 
educators, meaning the Deans of 
Engineering and also the Heads 
of the Civil, Electrical and 
Mechanical Departments on the 
problems of teaching welding, 


II. SURVEY 


It was believed that such an evalua- 
tion of the efforts which the American 
Engineering Colleges are making to 
keep their students informed on the 
progress and problems of modern fabri- 
cation and joining methods could only 
be made after conducting an individual- 
ized survey. There are 137 accredited 
engineering colleges and universities in 
the United States.* To secure the de- 


III. REPLY 


From the 137 institutions polled, a 
total of 205 individual faculty responses 
were received. At least one individual 
response was received from 84% of all 
the schools. Included were all of the 
large institutions. The detail reply dis- 
tribution is significant: 


Total schools polled................. 


Schools 


Replies from: 


Electrical Engineers .............. 
Mechanical Engineers............. 


IV. FUNDAMENTALS IN 


The responses repeatedly chronicle the 
problem of specialties education as being 
essentially that of allotting the proper 
proportion of the total available time to 
furtherance of knowledge within the 
scope of the activity in question. The 


* Brumbaugh, A. J., “American Colleges and Universities,” 5th ed. (1948). 
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welded design and welding engi- 
neering in the American colleges, 
and 

(d) specifically asking the educators 
in which field of effort the Edu- 
cational Committee could be of 
maximum assistance to the Engi- 
neering Colleges. 


PROCEDURE 


sired information- the letter of inquiry 
was addressed to the engineering dean 
or his equivalent, and to the heads of 
the mechanical, civil and electrical engi- 
neering departments of each of these in- 
stitutions. This was done-because it was 
thought to be impossible to classify col- 
leges by any single type except by the 
branch of engineering in which degrees 
are conferred. 


RESPONSE 


A general widespread interest there- 
fore exists in this subject with maximum 
interest among the mechanical engineers 
and a minimum among the electrical 
engineers. 


115 (or 84% of total) 


42 (or 31% of total) 
55 (or 40% of total) 
72 (or 52% of total) 
205 (or 38% of total) 


ENGINEERING EDUCATION 


basic concept of modern education in- 
volves training in fundamentals; in pro- 
moting the ability to think through a 
new problem; in recognition of the fact 
that the individual engineer is a mem- 
ber of a social unit and that his pro- 
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fessional work both influences and is 
influenced by society ; and that the engi- 
neer is an intelligent citizen first and 
professional man second. All this the 
undergraduate student is to absorb, 
usually within a four-year program! 

The colleges recognize their responsi- 
bility “a1 providing a sound grounding 
in fundamentals including mathematics 
and mathematical analysis, physics, 
chemistry, etc. It is the foundation of 
their basic policy. It also is essentially 
the same as, and in the future may 
become even more nearly identical with, 
the European University practice of 
teaching engineering as a broad func- 
tional field of activity, not ignoring the 
fact that engineering also extends into 
the domain of management. It must be 
recognized therefore that the teaching 
of a specialty often comes into time 
limitation conflicts within a four-year 
curriculum. 


The educational problem is thus com- 
pounded by the complexities of modern 
science; the trend toward functional- 
ization; the tendency toward leaving 
details up to industry and the repeated 
impact of economic and military up- 
heavals. 


Progressive industry expects the edu- 
cational units to stress fundamentals and 
later expects to train the individuals in 
the necessary specialties. The welding 
industry then is particularly interested 
in knowing whether the colleges recog- 
nize that welding is fundamental to 


‘modern fabrication techniques, if enough 


of industrial management is aware of 
the need for graduate education within 
this field, or whether each is expecting 
the other to cope with the problem. 

Differences of opinion were received 
on this: 

(a) “Our time to make improvements 
is limited and we give priority to the 
more important things, which in my 
mind are the fundamentals.” 

(6) “Can we not assume at this time 


that welding and welding design is as 
1021. 


basic as riveting and riveted design?” 
and, again, 


(c) “I am in sympathy with the pres- 
ent scholastic trend toward emphasis on 
fundamentals but I do not believe that 
increased instruction in welded design 
is necessarily in conflict with that trend. 
Regardless of generalization, we will 
undoubtedly continue to teach liberal 
amounts of elementary design and it is 
my opinion that the design courses must 
be revised to provide for instruction in 
welding in proportion to its increasing 
importance, relative to other fabrication 
processes.” 


The Committee may do well to clarify 
the possible ways and means for further- 
ing the inclusion of welding principles 
as a part of training in modern engi- 
neering, since fabrication of metals is 
fundamental to the construction of all 
metallic products and welding is in- 
volved in so many instances. The im- 
portant point is to provide enlightenment 
in limiting principles, not in training 
students to be welders. The student 
should be given “an appreciation of the 
possibilities, potentialities and limita- 
tions of welding and made aware of the 
current status of welding in the engi- 
neering profession.” The trade schools 
should be encouraged to train both oper- 
ators and technicians in the field of 
applied welding, which is not an engi- 
neering college function. One may close 
this phase of the problem with the 
comment of a prominent engineering 
college professor : 


“The scholastic trend in engineering 
education in the last decade has been 
toward accenting pure science and the 
humanities, rather than shop and voca- 
tional courses. While we in the Metal 
Processing Division feel that this trend 
is on the whole a proper one, we do 
believe that improper emphasis has been 
placed on certain aspects of it. The 
science student is often—the engineering 
student rarely—interested in fundamen- 
tals for their own sake. Unless the 
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latter is given an engineering focus for 
his fundamentals, he rarely remembers 
them beyond the term examination. 
Thus, the emphasis should be, not on 


science courses, but on engineering 
courses taught by men who are more 
conscious of the fundamentals and of 
their applications to engineering.” 


V.. HUMANITIES IN ENGINEERING EDUCATION 


Huxley, many years ago, defined a 
liberal education as “a training of the 
mind and the will to do the things you 
ought to do at the time they ought to be 
done, whether you like to do them or 
not.” The present trend toward more 
training in the liberal arts and humani- 
ties and the resultant problems was 
pointed up by the comments: 


(a) “You are perhaps aware of the 
difficulty that we have had in trying to 
increase the nontechnical course work 
offered to engineering students. Some 
of our friends in the art schools have 
blamed almost all of the world’s ills on 
the fact that we get so little work in the 
nontechnical field that we are almost a 
menace to humanity. Even so I think 
I could prove to them that most engi- 
neering curricula are designed with far 
more nontechnical content than the 
equivalent curricula in the art school. 
I think if you check up on the curricula 
offered to doctors, lawyers, English ma- 
jors, and others you will find that the 
engineer has more nontechnical work 
outside his own field than any of these.” 

(b) “At present due to the clamor for 
more liberalized engineers we are elimi- 
nating basic technical courses for work 


in American Democracy and Western 
Civilization. In. spite-ef*this we.are con- 
stantly criticized for giving our-strdents 
twenty credit hours per semester com- 
pared to fifteen hours in liberal arts 
colleges. A good part of this work is 
laboratory too.” 

(c) “The result is that we must teach 
the fundamentals in the sciences and in 
engineering with only a few courses 
available for teaching the art of engi- 
neering.” 

(d) “With the introduction of con- 
siderable work in the humanities and 
with a reduction in the number of credits 
required for graduation, there has been 
a reduction of one-third in. the amount 
of drawing in the freshman and sopho- 
more years. Thus the students no longer 
receive training in welding symbols.” 

These factors of educational policy are 
a prelude to the problems of the Com- 
mittee. They point up the need for an 
acceptable answer to the observation 
that, “it is very easy to add new courses, 
presuming time is available for such 
addition, but it is extremely difficult to 
decide which courses may best be re- 
moved in order to. make way for some- 
thing new.” 


VI. TIME—THE ESSENCE OF THE PROBLEM 


Time is the essence of the educational 
problem, and more responses mentioned 
this than any other one factor. Hereto- 
fore, the practice has been to maintain 
a four-year undergraduate program. 
There is a trend to change this to five 
years. There are also both policy and 
economic objections to this change. 
Would such a change further restrict 
opportunities for the able but less fortu- 
nate individual? There is a problem 


in increased efficiency in engineering 
education, as there is in engineering 
application, including production. The 
Committee could well give thought to 
this problem by studying the best ways 
for the incorporation of welding prob- 
lems into existing courses. Time may be 
recognized as being the essence of the 
problem without its shortness being ac- 
cepted as an unsurmountable obstacle, 
even in the four-year course. 
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VII.! THE CASE FOR WELDING 


Weiding is no-longer a luxury spe- 
cialty. It is now a*basie-tool of modern 
industry and is being used to a lesser 
degree in strtiétures. A more widespread 
understanding of its usage is fundamen- 
tal to modern production. Notwithstand- 
ing that objections toward including 
technical aspects of welding in the engi- 
neering curricula include the desire to 
emphasize fundamentals and humanities, 
which leaves little or no time within a 
four- of ‘even five-year course for spe- 
cialties, and that there are many special- 
ties in the present era, there were strong 
opinions in favor of such inclusions 
from many sources: 


(a) “Your letter regarding the offer- 
ings of the colleges in the field of weld- 
ing and welding design, and requesting 
suggestions to improve the offerings 
opens an entire field of discussion and 
argument.” 


(b) “It is my firm belief and has been 
for some time that welding should and 
must be incorporated in the education of 
the engineering student. We older men 
who went through college when welding 
was in its infancy and riveting still the 
accepted practice are aware—perhaps 
more than the younger men—of the 
tremendous change in design practice 
that has been brought about by welding 
techniques. Textbooks rarely bring this 


‘out and the only way the student will 


become aware of this is by supplemen- 
tary instruction given by the instructor.” 


(c) “The emphasis which a depart- 
ment of engineering in an American 
College gives any one group of courses 
in its curriculum depends, I think, on 
the demonstrated need for that emphasis. 
I have no doubt that a much better 
foundation could be given in welding 
here, but only by sacrificing the foun- 
dations of some other branch of engi- 
neering.”. 
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(d) “My staff feels: that it would be 
definitely advantageous for all engineers 
and designers in product desigh and 
manufacture to have a fundamental 
background in welding 
processes.” 


(e) “This is a subject about which I 
am very much concerned and I feel that 
as engineering instructors we are not 
doing what we should in this field. We 
spend some time on this subject in our 
Strength of Materials course and I de- 
vote a reasonable amount of time to it 
in my Machine Design class.” 


(f) “Students are graduating today 


with very little knowledge of the prac- 


tical use of materials. Most of them 
simply cannot ‘use their hands’ even in 
the simplest of operations using wood. 
Our present emphasis on theory and fun- 
damentals has eliminated shop courses. 
We have no shop work. 


“T, frankly, do not know the answer. 
We are definitely not training mechanics 
but the graduate who goes into Design 
has a long road ahead of him before he 
can do a job. Industry is very largely 
responsible for this situation as the in- 
sistance has been for fundamentals in 
college with practice in employment.” 


(g) “I believe that a welding course 
should demonstrate to the prospective 
engineer the various types of welding 
processes used in industry today, rather 
than delve in the fundamentals of arc 
welding and gas welding mild steel. In 
addition to the various welding processes 
being used in industry, the student 
should know something about welding 
design, cost of ee testing of welds, 
etc.” 

(h) “Tt is believed that welding. de- 
sign and engineering would be beneficial 
to all engineering students.” 


There are also objectors-to any inclu- 
sion of the subject in any form. 
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latter is given an engineering focus for 
his fundamentals, he rarely remembers 
them beyond the term examination. 
Thus, the emphasis should be, not on 
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science courses, but on engineering 
courses taught by men who are more 
conscious of the fundamentals and of 
their applications to engineering.” 


V.. HUMANITIES IN ENGINEERING EDUCATION 


Huxley, many years ago, defined a 
liberal education as “a training of the 
mind and the will to do the things you 
ought to do at the time they ought to be 
done, whether you like to do them or 
not.” The present trend toward more 
training in the liberal arts and humani- 
ties and the resultant problems was 
pointed up by the comments: 


(a) “You are perhaps aware of the 
difficulty that we have had in trying to 
increase the nontechnical course work 
offered to engineering students. Some 
of our friends in the art schools have 
blamed almost all of the world’s ills on 
the fact that we get so little work in the 
nontechnical field that we are almost a 
menace to humanity. Even so I think 
I could prove to them that most engi- 
neering curricula are designed with far 
more nontechnical content than the 
equivalent curricula in the art school. 
I think if you check up on the curricula 
offered to doctors, lawyers, English ma- 
jors, and others you will find that the 
engineer has more nontechnical work 
outside his own field than any of these.” 

(b) “At present due to the clamor for 
more liberalized engineers we are elimi- 
nating basic technical courses for work 


in American Democracy and Western 
Civilization. In spitevef this we.are con- 
stantly criticized. for giving our-stedents 
twenty credit hours per semester com- 
pared to fifteen hours in liberal arts 
colleges. A good part of this work is 
laboratory too.” 

(c) “The result is that we must teach 
the fundamentals in the sciences and in 
engineering with only a few courses 
available for teaching the art of engi- 
neering.” 

(d) “With the introduction of con- 
siderable work in the humanities and 
with a reduction in the number of credits 
required for graduation, there has been 
a reduction of one-third in the amount 
of drawing in the freshman and sopho- 
more years. Thus the students no longer 
receive training in welding symbols.” 


These factors of educational policy are 
a prelude to the problems -of the Com- 
mittee. They point up the need for an 
acceptable answer to the observation 
that, “it is very easy to add new courses, 
presuming time is available for such 
addition, but it is extremely difficult to 
decide which courses may best be re- 
moved in order to. make way for some- 
thing new.” 


VI. TIME—THE ESSENCE OF THE PROBLEM 


Time is the essence of the educational 
problem, and more responses mentioned 
this than any other one factor. Hereto- 
fore, the practice has been to maintain 
a four-year undergraduate program. 
There is a trend to change this to five 
years. There are also both policy and 
economic objections to this change. 
Would such a change further restrict 
opportunities for the able but less fortu- 
nate individual? There is a problem 


in increased efficiency in engineering 
education, as there is in engineering 
application, including production. The 
Committee could well give thought to 
this problem by studying the best ways 
for the incorporation of welding prob- 
lems into existing courses. Time may be 
recognized as being the essence of the 
problem without its shortness being ac- 
cepted as an unsurmountable obstacle, 
even in the four-year course. 
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WELDING IN EDUCATION 


VII.) THE CASE FOR WELDING 


Weiding is no-longer a luxury spe- 
cialty. It is now a*basie tool of modern 
industry and is being uSed to a lesser 
degree in strtictures. A more widespread 
understanding of its usage is fundamen- 
tal to modern production. Notwithstand- 
ing that objections toward including 
technical aspects of welding in the engi- 
neering curricula include the desire to 
emphasize fundamentals and humanities, 
which leaves little or no time within a 
four- of ‘even five-year course for spe- 
cialties, and that there are many special- 
ties in the present era, there were strong 
opinions in favor of such inclusions 
from many sources: 


(a) “Your letter regarding the offer- 
ings of the colleges in the field of weld- 
ing and welding design, and requesting 
suggestions to improve the offerings 
opens an entire field of discussion and 
argument.” 


(b) “It is my firm belief and has been 
for some time that welding should and 
must be incorporated in the education of 
the engineering student. We older men 
who went through college when welding 
was in its infancy and riveting still the 
accepted practice are aware—perhaps 
more than the younger men—of the 
tremendous change in design practice 
that has been brought about by welding 
techniques. Textbooks rarely bring this 
out and the only way the student will 
become aware of this is by supplemen- 
tary instruction given by the instructor.” 


(c) “The emphasis which a depart- 
ment of engineering in an American 
College gives any one group of courses 
in its curriculum depends, I think, on 
the demonstrated need for that emphasis. 
I have no doubt that a much better 
foundation could be given in welding 
here, but only by sacrificing the foun- 
dations of some other branch of engi- 
neering.” 
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(d) “My staff feels: that it would be 
definitely advantageous for all engineers 
and designers in product desigh and 
manufacture to have a fundamental 
background in welding ge ‘welding 
processes.” 


(e) “This is a subject about which I 
am very much concerned and I feel that 
as engineering instructors we are not 
doing what we should in this field. We 
spend some time on this subject in our 
Strength of Materials course and I de- 
vote a reasonable amount of time to it 
in my Machine Design class.” 


(f) “Students are graduating today 
with very little knowledge of the prac- 


‘tical use of materials. Most of them 


simply cannot ‘use their hands’ even in 
the simplest of operations using wood. 
Our present emphasis on theory and fun- 
damentals has eliminated shop courses. 
We have no shop work. 


“I, frankly, do not know the answer. 
We are definitely not training mechanics 
but the graduate who goes into Design 
has a long road ahead of him before he 
can do a job. Industry is very largely 
responsible for this situation as the in- 
sistance has been for fundamentals in 
college with practice in employment.” 


(g) “I believe that a welding course 
should demonstrate to the prospective 
engineer the various types of welding 
processes used in industry today, rather 
than delve in the fundamentals of arc 
welding and gas welding mild steel. In 
addition to the various welding processes 
being used in industry, the student 
should know something about welding 
design, cost of welding, testing of welds, 
etc.” 


(h) “Tt is believed that welding de- 
sign and engineering would be beneficial 
to all engineering students.” 


There are also objectors-to atly inclu- 
sion of the subject in any form. 
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VIII. WELDING METALLURGY 


Ways of introducing the fundamental 
welding concepts into the undergraduate 
curricula are pointed out by the various 
procedures already in use. Among these 
are the 13% of the total replies who now 
report that basic factors of metallurgy 
are being given, or offered, to civil, 
electrical and mechanical engineering 
students. Metallurgy is an .important 
subpart of the welding problem. Ap- 
proaches for consideration include: 

(a) “It would be desirable if such a 
course could have as a prerequisite a 
general course in Physical Metallurgy.” 


(b) “The actual analysis of welds is 
covered in the course in Physical Metal- 


lurgy, which is taken by all engineering. 


students except those in electrical engi- 
neering, and they are anxious to have it 
in their curriculum.” 

(c) “Our mechanical, marine, aero- 
nautical, business and metallurgical en- 
gineering undergraduates all receive at 
least one course in metallurgy which 
includes the fundamentals of welding.” 


(d) “Our students of Civil Engineer- 
ing who elect the structural or the trans- 
portation option take a course titled 
‘Metallurgy and Welding’ in the first 
term of the Junior year.” 

(e) “Mechanical engineering students 
are required to take a course in the 
fundamentals of ferrous metallurgy. This 
course is now taught in the School of 
Chemical Engineering. Later, they take 
a course in heat treating, consisting of 
two hours lecture and three laboratory 
hours per week, for one quarter. A con- 
siderable portion of the laboratory time 
is devoted to microscopic examination 
of heat-treated steels.” 

(f) “We teach, of course, a course in 
metallurgy which will be in our fifth 
year, that is after the student has had a 
year of shop training. This ties in very 
well and it is more or less beneficial to 
have the metallurgy course follow the 
regular shop courses.” 


In so far as they have adopted this 
approach, the schools have done well. 


IX. WELDING DESIGN 


1. General 


There are certain design factors 
unique to welded fabrication. Design 
for use of the specific welding process 
to be used is one. Consider the metal 
welded and the service requirements. 
Avoid overwelding; it is costly and in 
some instances may be harmful to the 
integrity of the final product. Designing 
is the function of the designer; yet how 
can the design be proper for welded 
fabrication if the designer is unversed 
in the usage and requirements of the 
welding processes? How is the designer 
to become aware of these usages and 
requirements? By trial and error? And 
if this be the method is it not cheaper 
to pre-educate than to bear the cost of 
the resultant inevitable errors ? 

The inquiry letter stressed design as 
one area of mutual interest common to 


all branches of engineering. Perhaps for 
this reason 55% of the replies comment 
specifically on this subject. But it was 
found that, while the welded design 
problem is a phase common to all 
branches of engineering, the emphasis 
varies considerably between different 
departments. 


2. Civil Engineers 


The civil engineers are faced with the 
fact that only about one-third of static 
structures involve the usage of welded 
fabrication at this time; not long ago it 
was used in less than 10% of such 
structures. It is almost universally used 
on piping and storage tank projects. 
Thus they report for example: 

(a) “You are seeking information on 
a timely and touchy subject in the field 
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of structural design. As you mentioned 
in your letter, the trend toward welded 
design is growing by leaps and bounds, 
and it is rather unfortunate that colleges 
in general have not been able to give 
more emphasis to the subject. But are 
we to more or less compietely eliminate 
an old and well-established method, for 
the new, at this particular time? It 
would mean rather drastic changes in 
the subject matter of our curriculum if 
we were to give welding the emphasis 
it deserves ; for although welding brings 
up many new and unusual problems, 
riveted construction is the more difficult 
to grasp in the long run, and I think 
you will agree that the majority of 
structures are still being riveted even 
today.” (I did in preceding paragraph. ) 

(b) “We stress the fact that any 
structure to be welded must be designed 
for welding in order to take full advan- 
tage of welding. The various disadvan- 
tages of welding are also considered. 
Our men have had previous instruction 
in principal stresses so they are able to 
appreciate the problems and approxima- 
tions involved with respect to internal 
stress conditions.” 


(c) “Perhaps the most valid reason 
for our lack, of emphasis on welding is 
that structural welding has not come 
into common use in this section of the 
country. No welding whatsoever, to our 
knowledge, has been used in railroad 
and highway bridges in this part of the 
country (the Pacific Northwest), al- 
though very recently highway specifica- 
tions have begun to include some weld- 
ing codes. Likewise, there has been very 
little welding in building construction. 
Fifteen years ago I was firmly con- 
vinced that welding in building work 
was rapidly coming to the fore. At that 
time I was teaching structural design 
and included a problem in welding in 
my regular class work. However, this 
anticipated development simply has not 
come about in this part of the country. 
I am not sure of the reason, but I do 
kriow that some fifteen years ago we 
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were having some considerable difficulty 
with the welded structures which were 
going up at that time. This difficulty 
may have had some bearing ‘on the re- 
luctance to use welding in this area.” 

One may ask if the difficulty 15 years 
ago was in the process or in the lack 
of knowledge. 


(d) “It is my impression that the col- 
leges of the country are becoming more 
aware of the importance of welding in 
structural design and if the trend here 
is any indication they are devoting more 
attention to it. However, there is little 
chance that any four-year curriculum 
will have a separate course in welding 
for the undergraduate students. It is 
now handled within the regular struc- 
tures courses and considered merely as 
one of several means of making connec- 
tions between members of a structure.” 

Civil engineering reports that the ma- 
terial now being given is usually in- 
cluded within the framework of one or 
more other courses as: 


Sophomores—Shop 
Juniors—Mechanics of materials 
Stress analysis 
Elementary structural design 
Seniors—Structural design 
Structural steel 
Construction planning and 
management 
Presented material includes: 


(a) Short shop course in weld manip- 
ulation and technique. 

(b) Types of welds and their applica- 
tions. 

(c) Use of standard welding symbols. 

(d) Brief discussion of advantages 
and disadvantages of welded con- 
struction compared with other 
methods of fabrication. 

(e) Discussion of fatigue character- 
istics of welded joints. 

(f) Discussion of properties of 
welded material. 

(g) Design of welded tension joints. 

(h) Design of welded compression 
joints. 
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(i) Design of welded splices and 
connections. 

(j) Design of welded plate girders. 

(k) Design of welded trusses. 

(1) Design of welded built-up beams 
using the A.I.S.C. specifications. 

(m) Design of welded connections for 
small truss members that are 
unsymmetrical. 

(n) Considerations of light metals, as 
aluminum alloys. 

(0) Making of load-slip determina- 
tions, riveted and welded. 

(p) Continuity in frameworks. 

(q) Practical features. 

(r) Theory and practice, including 
residual stresses; distortion; 
stress concentration and fatigue ; 
technique of welding, including 
laboratory demonstration and 
practice welding; current design 
specifications ; examples of recent 
designs of bridges and buildings ; 
relative economy studies—riveted 
vs. welded construction. 


3. Electrical Engineers 


Electrical engineers are primarily con- 
cerned in teaching theory of electrical 
phenomena and systems and place little 
importance to the mechanical design: of 
such items as electric motors, for exam- 
ple. They generally ignore the problems 
of design for welding. . This, to the 
author of this report, was one of the 
most interesting disclosures of the sur- 
vey, considering the known daily weld- 
ing design problems encountered by a 
large electrical manufacturing company. 
Their treatment of the subject is high- 
lighted by one comment: 


“Are you aware of the fact that at 
least in electrical engineering most col- 
leges teach no design whatever? We 
teach general theory, and physical con- 
cept with practically no design of any 
kind. Some time ago I became disturbed 
over the fact that in electrical engineer- 
ing unlike practically all other engineer- 
ing courses, we had practically no 
design work whatever in our University. 


We therefore installed three new courses 
(actually courses which been 
dropped out years before) in the elec- 
trical engineering design of machines. 
I am quite aware that our methods of 
design will probably be different from 
those used in industry and that any of 
our students who get into design work 
of machinery will have to relearn all of 
the design principles. On the other hand 
it seems to me that the end product of 
all engineering is the design of some- 
thing. In all other engineering courses 
the students spend hour after hour in 
designing mechanical, civil or chemical 
engineering mechanisms or structures. 
In electrical engineering on the other 
hand we have got so far away from the 
idea of designing something that it has 
seemed unsound to me.” 


4. Mechanical Engineering 


The mechanical engineers, in nearly 
all cases reporting, include welding as 
some part of their design courses, in 
addition to considerations in metallurgy 
and mechanics of materials. They put 
most emphasis upon the subject within 
the area of machine design, which can 
and probably does include electrical 
machines, but the subject is also treated 
in other courses, as: 


(a) Machine design. 

(b) Machine analysis. 

(c) Tool design. 

(d) Tool and die design. 

(e) Machine tool operations. 
(f) Metal processing. 

(g) Engineering drawing. 
(h) Shop practices. 

(i) Production methods. 


For example, one instructor reports 
that, “In Principles of Machine Design, 
given the first term of the senior year, 
the elementary stress analysis of welded 
joints is considered along with analysis 
of other fasteners. Problem work is 
given on stress analysis of simple joints 
in tension, tension and shear, and in 
shear. Structural joints in primary and 
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secondary shear are designed both for 
riveted and welded construction. Some 
work on pressure vessel joints for 
welded and riveted construction com- 
pletes the coverage save for lecture work 
on various welding processes and appli- 
cations. In the second design course, 
Mechanical Design, complete design 
projects are carried out. The student 
is free to choose and apply welding to 
all the parts where welding and brazing 
might be used to advantage.” 


Other items covered include: 


Welding practices and techniques. 

Basic principles of welded design. 

Production methods, including weld- 
ing. 

Welding symbols. 

Design calculations. 

Stress analysis. 

Strengths of welds and welded 
joints. 

Design of welded pressure vessel. 

Considerations of welding, riveting, 
forging and casting. 

Distortion from welding. 

Accessibility. 

Selection of materials. 

Welded tool design. 

Welded joints in tension and tor- 
sion, 

Thermal stress determinations in 
bimetallic members. 

Biaxial and triaxial stress condi- 
tions. 

Methods of assembly and jigging. 


One schools offers “an elective course 
to seniors titled, ‘Welding in Design,’ 
which picks up the problem from the 
standpoint of the metallurgy of the welds 
and its effect on the materials being 
joined and carries through to actual 
design problems in which welding is a 
means of fastening.” 


Another reports that “One thing that 
we do stress is that welded design is a 
subject by itself. In machine design, for 
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example, the designer should not imitate 
the structural steel designer and neither 


Should he necessarily make the parts 


look like castings. I feel that with a 
reasonable amount of time and study 
devoted to this subject, we can improve, 
to a large extent, our method of instruc- 
tion in this field.” 


The supporting arguments for the 
procedure of teaching welded design as 
a separate course are furnished by yet 
another commentator : 


“There are too many other topics 
which must be covered for an individual 
instructor to do the work necessary to 
make much improvement in the presen- 
tation of the design of welded joints 
during the time devoted to the average 
machine design course. This work 
should be done by those with much 
experience in the field of welded design 
and the methods should be fundamen- 
tally sound and backed up by the neces- 
sary data to convince the student that 
the presentation is logical and that the 
methods are to be depended upon.” 


Only a few departments reported a 
complete absence of interest in welded 
design. The general soundness of the 
mechanical engineering instructors may 
be summarized with the one observa- 
tion: 


“T feel personally that more attention 
should be paid to designing for welding. 
I also feel that attention should be given 
to the use of welding as against cast- 
ings. I also feel that such instruction 
should be honest and unbiased; and 
where a good steel casting would be 
superior to a weldment, the instruction 
should be such as to permit honest dis- 
crimination. This statement goes for the 
tendency to substitute steel castings for 
a_part that could be more satisfactorily 
welded, The basis for instruction, welded 
or. cast, should be in the design course. 
Thus the engineer remains the engineer 
and does not become the welder first.” 
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X. WELDING PROCESSES AND TECHNIQUES 


From the ancient Greeks comes the 
expression, “We learn by doing.” While 
it can readily be agreed that the engi- 
neering college student is not a candi- 
date for a job as a welder, welder 
foreman or supervisor, “he should have 
some knowledge of welding methods and 
procedure. With this background to 
build on, he should be able to handle the 
engineering aspects of the modern trend 


toward welded fabrication, 

For example, one school gives 30 
clock hours instruction of shop training 
in arc, gas and spot welding. Others 
commonly give a one-credit laboratory 
course, often in the freshman year, but 
sometimes in the senior: year. Such 
courses are “primarily intended to dem- 
onstrate methods, equipmext, precautions 
and control in welding.” These labora- 
tory courses are often required and 
embrace one or more branches of engi- 
neering. Depending upon the individual 
school, the work is included under one 
of the headings: Manufacturing Proc- 
esses; Welding, Heat Treating and 
Casting Laboratory; Materials and 
Processes ; Advanced Welding Practice ; 
Practices of Welding ; Mechanical Proc- 
esses; Welding Shop; Welding Labora- 
tory; Welding and Pipe Shop Work; 
Welding Techniques; Structural Weld- 
ing; Materials of Machines; Metal 
Processing; Materials Testing Labora- 
tory (Demonstration) ; Industrial Elec- 
tronics (E.E.); Metal Fabrication; 
Electrical Engineering Laboratory( in- 
cidental to operation of electronic con- 
trolled welders); Machine Shop; and 
Farm Mechanics. 

This work is often supplemented with 
usage of motion pictures showing weld- 
ing and welded applications. 

Shop work requires equipment. This 
is a major deterrent in some instances, 
particularly within the field of resistance 
welding, a matter which may be reflected 
into the future detriment of that phase 
of the industry. 


At one school “Civil and Mechanical 
Engineering” students in their senior 
year may elect a one-credit hour course 
in Structural Welding. This is a very 
practical course and includes: 


“(a) Three lessons devoted to prac- 
tice arc welding, culminating in 
each student making a standard 
‘fillet-welded tension specimen, 
which is inspected, judged and 
then tested. 

“(b) The theory and design proce- 
dures for beam-column connec- 
tions of the simple, fully fixed 
and semirigid types. 

“(c) Arc-welding speeds, costs, in- 
spection. 

“(d) Theory and design procedures 
for various joints involving 
butt, fillet welds and slot welds. 

“ce) A lecture on rigid frame anal- 
ysis, and design for welding.” 


This later arrangement is also offered 
by others who report that: “At present 
we are offering courses in welding, 
machine shop and foundry work to 
fourth-year mechanical and electrical 
engineers—that is under our five-year 
program for a bachelor’s degree in one 
of the engineering fields. Our reason 
for placing these courses at so late a 
time is because we feel a student will 
obtain a great deal more out of them 
than he would if he were in the fresh- 
man year like the majority of other 
universities. In fact, we feel that since 
students are more mature we can give 
them a great deal more in the. allotted 
time and also that when they are fin- 
ished with these courses they immedi- 
ately go into other machine design 
courses.” 

Early or late, the practice of giving 
welding instruction is growing: 

(a) “This semester we are teaching 
a new course known as Applied Welding 
Technology for Engineers. This is an 
elective course and quite a few of the 


1028 


it 
it 
te 
7 t 
h 
g 
te 
of 
Ww 
th 
n 
on 
| to 
w 
ri 
a 
al 
ec 
er 
th 
in 
ak 
tr 
ar 
N 
be 
at 
in 
ye 
It 
th 
de 
; pr 
q wi 
or 


WELDING IN’ EDUCATION 


Civil Engineering and Architectural 
students are evidencing considerable 
interest in it. We are confident that the 
interest in this course will continue 
to grow when it becomes better known.” 


(b) “We would like to briefly de- 
scribe a new program to become effec- 
tive this fall.” 


“During the sophomore and the first 
half of the junior year we will teach a 
series of coordinated courses under the 
general heading of ‘Engineering Ma- 
terials and Manufacturing.’ One phase 
of the work will deal with the welding 
of metals and will include pictures and 
welding demonstrations. We will teach 
the fundamentals of welding, but will 
not attempt to teach the students how to 
weld. We constantly try to maintain our 
objective of developing future engineers 
and not journeymen.” 


Fortunate indeed is the school able 
to report that: eh 


“We offer both theory and laboratory 
welding classes in the engineering cur- 
riculum. The welding laboratory is now 
adequately equipped with electric arc 
and oxyacetylene welding equipment, 
and we hope to have other modern 
equipment, such as inert-arc welding, 
soon for student use. We are giving the 
engineering students more theory now 
than we have in the past. Some of the 
information included is as follows: weld- 
ing fabrication, economy, design, weld- 
ability of metals, pretreatment and after- 
treatment, jigs and fixtures, inspection 
and testing, and the welding processes. 
Numerous up-to-date pamphlets and 
books on these subjects are made avail- 
able for student use. 


“Previously we were handicapped by 
inadequate facilities, but during the past 
year some of these have been corrected. 
It is our desire to continue to improve 
the facilities so that engineering stu- 
dents can have more instruction on the 
problems created by the trend toward 
welding fabrication.” 
or again that: 


“We cover such topics as oxyacety- 
lene welding and cutting equipment, 
electric arc welding, manual and auto- 
matic applications, including submerged 
arc, gas-shielded arc; and other welding 
processes, such as atomic hydrogen, 
pressure and resistance welding, testing 
of welds, control of distortion, basic 
metallurgy of welding, welding elec- 
trodes and their classifications, prepara- 
tions of joints, including their symbols, 
and factors involved in estimating costs 
of welding are discussed. 


“The fundamentals of design for arc 
welding are covered by lecture and also 
by the actual construction with jigs and 
fixtures of simple structural parts, such 
as levers, link and clevises, wheels, 
gears, etc. Use is made of automatic 
welding heads, welding positioners and 
other fixturing devices to show how 
these parts can be set up on mass pro- 
duction basis. 

“We have a well-equipped welding 
laboratory with all equipment mentioned 
above, not only for lecture demonstra- 
tion, but also for the students to actually 
use in the various types of welding.” 


Another school reports that: 


“In industrial radiology of course 
sample welds are used in both X-ray 
and gamma-ray exposures and the com- 
mon types of defects are pointed out. 
We also give some attention to welded 
items in magnaflux and zyglo inspection 
which may be included in any one or. 
more of the courses enumerated. We 
have very good equipment for all of this 
work and I am sure you appreciate not 
only the application advantages of weld- 
ing but also the problems of a research 
nature that still exist.” 


Under ideal conditions, 


“Both pressure and non-pressure weld- 
ing and allied processes, such as brazing 
and soft soldering, are covered by means 
of lectures, demonstrations, films and 
laboratory work. Forge welding, elec- 
trical resistance welding, thermit weld- 
ing, carbon and inert arc welding are 
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covered by lectures and films only; oxy- 
acetylene welding is covered by demon- 
strations and films; electric arc welding 
is covered by lectures, films, and actual 
laboratory practice. The welding of low 
carbon steel, of course, is given the 
main consideration, although the welding 
and brazing of cast iron, aluminum, and 
stainless steel are also discussed and 
covered by use of films. A limited 
amount of laboratory work is devoted 


to the arc welding of cast iron.’ 

However, for any one school, time is 
yet an essential factor and again we are 
reminded that “If there is any way of 
covering the subject of welding in a 
thorough manner, using only 12 to 18 
hours of the student’s time in Machine 
Design and approximately the same 
amount in shop practice, I would be 
very happy to find it.” 

Here is a challenge to the Committee! 


XI. GRADUATE INTEREST 


Having acquired a B.S. or B.A. de- 
gree, the young engineer is often encour- 
aged to proceed with specialization and 
at this time there is an opportunity for 
more widespread choice for fields of 
activity. About 10% of the replies indi- 
cate that the schools now offer, or hope 
to include, welding (design or metal- 
lurgy) in their graduate programs, for 
civil, electrical and mechanical engineer- 
ing students. Again, too, there are ob- 
jectors! Constructive observations in- 
clude: 


(a) “Graduate students in Civil En- 
gineering may elect a three-credit hour 
course in Structural Welding.” 

(b) “It is my personal opinion that 
if a student wished to pursue graduate 
work in welding fiom an electrical engi- 
neering standpoint, he would be much 
better off to gain some practical experi- 
ence in the work before proceeding with 
his graduate studirs.” 

(c) “Next fall I shall give a course 
in the utilization of electrical energy in 


which among other things I expect to 
cover briefly the electrical principles of 
the various types of welding, welders 
and controls. This course will probably 
attract graduate students in mechanical 
engineering and possibly some graduate 
students in electrical engineering. 

“As we work into the field of electric 
welding and welding machinery, I ex- 
pect to include a discussion and experi- 
ment on it in the undergraduate final 
machinery course, probably for the first 
time in the spring of 1951.” 

(d) “Many of our graduate students 
take our two-term course in metallog- 
raphy followed by a one-term course on 
industrial radiology. In the first term 
metallography course there is some at- 
tention to microstructure of typical elec- 


tric and gas welds and in the second term, - 


which is taught by the project method, 
we not infrequently have students take 
some phase of welding as the subject of 
their study. In this course two students 
work together on either an assigned 
project or one of their own choosing.” 


XII. TRADE SCHOOL & TECHNICIAN TRAINING 


The survey being reported was delib- 
erately confined to the accredited engi- 
neering colleges. It is recognized that 
there are other institutions that do an 
excellent job aj: training men in a 
needed but somewhat different category. 
However, if all welding design and 
engineering wert to be confined to those 
schools alone the young engineer would 


find himself with a viewpoint on con- 
struction and fabrication that is already 
obsolete—a somewhat frustrating experi- 
enté. ‘There is, however, an excellent 
opportunity for the intermediate colleges 
to fill a badly needed gap’ by the dde- 
quate training of technicians in the 
welding field. 
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XIII. WELDING ENGINEERING 


Only one university in America treats 
welding engineering as a unique under- 
graduate subject, although others give 
options in this general field. The engi- 
neer who devotes his professional life- 
time to this specialty is yet within a 


classification meaning all things to all 
people. Nevertheless more and more, 
industry finds need for the highest form 
of intelligence, with engineering train- 
ing, to handle this portion of activity. » 


XIV. INDUSTRIAL TRAINING 


The “easy out” is cited by many; let 
industry do the necessary training. “We 
think that they can learn the more diffi- 
cult problems in practice.” One may 
add, this is effective only if industry 
provides the necessary preliminary train- 
ing so that it doesn’t cost too many 
failures before the young engineers learn 
how to do their job properly! 

Actually, progressive industry accepts 
the concept that the graduate engineer 
is not ready to do a job, that he needs 
special training first. The better ar- 
rangements involve extensive expendi- 
tures in money and effort. But does and 
must all’ industry train men in all 
things? It is stated+ that “the advanced 
courses taught by industry fifty years 
ago are part of the undergraduate cur- 
riculum of today’s schools. Now, ad- 
vanced courses have soared into fields 
and sciences that in some cases were 
unknown a half century ago.” Thé point 
is, welding is now and has been for 
some time an important fabrication tool. 
The general concepts should be and are 


‘gradually being shifted into the under- 


graduate curriculum, now. Acquaintance 
with year-to-year advances do belong 
within the scope of industrial training. 


The pros and cons of this controversial 
subject are put forth by two corre- 
spondents : 


(a) “The smattering of knowledge 
that one gains in college about a spe- 
cialty can never be completely adequate 
and will never be completely representa- 
tive of the many variations of the tech- 
niques of that specialty employed by 
different companies. Over-all economy 
dictates that the employer of a college 
graduate should teach that employee the 
special techniques so that he won’t have 
to unlearn some things he was taught 
in college.” 


(6) “I do not completely subscribe to 
the principle that the detailed and spe- 
cialized training may well be left to the 
industrial organization that employs the 
young graduate. I feel that the Civil 
Engineering graduate, in particular, 
should bé able take ‘his place: in the 
practice of his profession with a mini- 
mum of subsequent training and instruc- 
tion provided by the employers. To this 
end we try to keep our own program as 
flexible as possible and to give at least 
basic instruction in the possibilities and 
practice of welding.” 


+ “Westinghouse Engineer,” Noy. 1950, “Education in Industry.” 


XV. INDIVIDUAL STUDY 


Whether or not formal industrial 
training is offered, these growing fields 
of engineering require a continuous ap- 
plication through individual study. The 
students will find that all branches of 


science and engineering contribute to 
the make-up of the solutions of the 
welding problems. 

Most present-day welding engineers 
followed this route. Perhaps the writer 
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may be forgiven for inserting a pertinent 
quotation from The Analects of Con- 
fucius, “When I attained the age of 15 
I became bent upon study. At 30 I was 
a confirmed student. At 40 nought could 
move me from my course. At 50 I 
comprehended the will and decrees of 


Heaven. At 60 my ears were attuned 
to them. At 70 I could follow my heart’s 
desires without overstepping the bounds 
of rectitude.” 

The successful engineer is the con- 
tinuing student. Who else can survive in 
this area of rapid and radical progress? 


XVI. POSSIBLE AREAS OF MUTUAL ASSISTANCE 


The Committee was interested in 
learning of the various existing needs as 
interpreted by the teaching staffs. Spe- 
cific descriptions of those areas of in- 
vited assistance were freely given. 


1. Instructors 


Only three replies pointed to a desire 
for new men in this field, one of them 
stating that “I have been looking for 
the past two years for a man to teach 
machine design who will have some 
background experience in welded design 
as well as some analytical work in his 
own field but I find that such a person 
is just not to be had.” 


Others elaborated upon this theme: 


(a) One found that it was necessary 
to offer an evening (M.E.) course “so 
that we may secure the services of an 
experienced man from industry as in- 
structor. This course has been quite 
popular, as many of the better students 
sense the desirability of a practical 
course of this type.” 


(6) Another commented that “the 
average teacher tends to offer and em- 
phasize those portions of the subject or 
field with which he is most familiar, or 
in which he is most interested.” There- 
fore it appears natural for another cor- 
respondent to suggest that 


(c) “One of the biggest aids that 
industry could give to the schools would 
be for such organizations to set up six 
weeks scholarships in the summers with 
all expenses paid to encourage college 
teachers to learn at first hand the most 
recent development in field practices in 
welding.” 


(d) Another similar comment was 
that “the problem in teaching many en- 
gineering subjects is to keep the instruc- 
tor aware of the frontiers of knowledge 
in the fields and keeping him informed 
of trends and directions of development. 
True, if one had the time, ‘he could read 
all the papers published in a particular 
field, but it is necessary for one to work 
actively in a field to timely appraise the 
value of the published material.” 

The Committee may well study the 
best ways for establishing a system 
which will: 


1. Encourage competent designers 
and engineers to enter the field of 
technical instruction, 

2. Encourage the various instructors 
to spend summer and sabbatical 
leave periods studying the condi- 
tions, needs and methods of in- 
dustry, 

3. Encourage industrial management 
to provide a means for established 
instructors and professors to learn 
first hand the problems and tech- 
niques of industry, and 

4. Develop a system for transmittal 
of the best of new information 
within the welding field, probably 
upon an annual basis, to all inter- 
ested teaching personnel. 


2. Course Organization, Outlines 
and Methods 


One out of each four replies requested 
information on organization, methods 
and minimum requirements for teaching 
the subject matter involved. Specific 
requests include: 
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(a) Provision of minimum welding 
essentials and specification of the in- 
gredients of a best foundation in the 
principles of welded design. 


(6) Provide results of survey on edu- 
cation so that a comparison with other 
schools’ methods can be made. 


Publication of this report fulfills this 
request. 


(c) Provide the recommendation of 
the Committee on the matter of teaching 
welding and welded design. 


(d) Provide any material, sugges- 
tions or outlines which the Committee 
feels will be helpful. 


(e) Provide an outline of the ma- 
terial essential in the training of an 
engineer who will deal with welding in 


some form in his professional work 
after graduation. 

(f) Provide ideas: textbooks, source 
material, practical applications, methods 
used in other colleges. 

(g) Provide material on practical 
problems in welding design suitable for 
laboratory fabrication and testing. 


(h) Establish a system of frequent 
contact with the interested instructors. 

The Committee is assured of the sin- 
cerity of these requests and is repeatedly 
challenged to provide solutions by such 
frank comments as: “This question of 
teaching welding design has always been 
a problem for me. If you develop any 
method of teaching welding design in 
the time allowed in our crowded under- 
graduate curriculum, I would certainly 
appreciate learning of it.” 


XVII. ADEQUACY OF AVAILABLE MATERIAL 


The quality, quantity and adequacy of 
available reference material is also a 
matter of controversy. More than 10% 
of the replies indicated dissatisfaction 
with existing information. The needs 
were well summarized by eight different 
commentators, which blend into one 
unrehearsed chorus: 


(a) “There is a lot of material in 
print on welded design, but most of it 
deals with specific examples or is of a 
promotional nature, and at times it is 
hard to distinguish the grain from the 


' chaff, so to speak. The material on 


welded design in college textbooks 
should, therefore, meet the following 
requirements : 


“1. It should be unbiased, not just a 
sales talk on welding, but an at- 
tempt to represent welding in 
its proper perspective in relation 
to casting, forging and other 
methods of fabrication. 

“2. It should emphasize fundamentals 
and basic principles in welded 
design, such as calculation of 
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stresses involved, in the effect of 
stress risers, location of welds, 
cost, types of construction that 
can be used such as, for example, 
the box-beam type, how to cope 
with distortion, how to eliminate 
weight, how to improve the ap- 
pearance of welded products, how 
to design jigs and fixtures for 
welding, etc. 


“3. It should attempt to teach the 
student to use a new approach in 
designing for welding, not just 
merely thinking in terms of old 
methods of fabrication such as 
riveting, for example.” 


(b) “. .. the most up-to-date material 
on advancements in welding and welded 
design is certainly desirable. The best 
job of presenting good foundation ma- 
terial to the most students of design will 
come when writers of textbooks are 
themselves properly informed and can 
include such material in a clear and per- 
manent form. Efforts of individual in- 
structors to keep informed by their own 
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research in order to pass it on to stu- 
dents, are of course probably helpful to 
their own students; but such efforts re- 
sult in much variation in selection of 
material, quality of material, and (since 
it involves another demand on instruc- 
tor’s time) quantity of material. 


“It would seem to me that the easiest 
method of getting to the writers would 
be by cooperation with the publishers 
who usually know of textbook work in 
progress. 


“Textbooks which are presently used 
discuss different welding methods, weld- 
ability of materials by some of these 
methods, and analysis of stresses in 
simple welded joints.” 


(c) “The fundamentals of welded de- 
sign are treated in a very elementary 
manner in most texts on machine design. 
The average student loses interest al- 
most immediately upon reading some of 
the general statements and finding only 
the simplest principles of stress analysis 
applied to welded joints. Machine de- 
sign texts are undergoing a change 
toward more emphasis on fundamental 
principles rather than presenting the 
force analysis of stereotyped assemblies. 
The student has been trained beyond the 
empirical methods used in the presenta- 
tion of welded joints in the average 
text; it is a distinct letdown and a 
disappointment to him.” 


(d) “If the welding industry prepared 
a first class textbook, the problems and 
solutions of which are worked up by an 
experienced teacher of engineering stu- 
dents, under guidance of an expert weld- 
ing designer, then the experience of 
practical designers could be combined 
with the experience of presentation. Ex- 
perienced engineers know their work 
but frequently fail to grasp student psy- 
chology. Our teachers do not know 
modern welding design. Let us get 
together.” 


(e) “It has been my hope that in the 
future the Welding Society would come 
out with a good book bringing ‘out 
first, the metallurgical considerations ; 
secondly, an exhaustive section on prop- 
erties not only of the metals welded but 
of their geometry after welding, and 
also such considerations as notch effects, 
fatigue, dynamic loading, triaxiality, etc. 
Finally, design practices could be 
brought out. 


“Perhaps this is a large order, but I 
believe that a book of this sort would 
do much toward the ends of instruction 
in a technical school.” 


(f) “If a good handbook were made 
available for distribution to students in 
the design course there is no doubt that 
we would at least add to our present 
coverage.” 


(g) “As far as teaching welded de- 
sign in engineering colleges in the future 
is concerned, unbiased material on 
welded design will have to be incor- 
porated in the textbooks themselves all 
of the way along the line from the shop 
courses, through mechanics and me- 
chanics of materials to machine and 
structural design. Many present-day 
textbook writers are themselves not ac- 
quainted very thoroughly with welded 
design. So, I also heartily recommend 
that sections or chapters on welding 
be written by welding engineers. Books 
on machine design are getting to be too 
much for one man to write anyway— 
they should be cooperatively written by 
several men.” 


(h) “We have found it rather difficult 
to abstract material from the publica- 
tions of the American Welding Society 
and other interested organizations for 
presentation to undergraduate students. 
The problem is further complicated by 
the lack of time or thorough grounding 
in the more fundamental aspects of 
welded design.” 
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XVIII. REFERENCES BEING USED 


In the absence of more nearly ideal 
material, as described by the foregoing, 
the following were reported as being 
used : 


Books: 


Welding Fundamentals—Rigsby 

Weld Design—Churchill & Austin 

Welding & Its Applications—Rossi 

Structural Design in Metals—Wil- 
liams & Harris 

Design of Machine Members—Val- 
lance & Doughtie 

Design of Machine Elements—Faires 
(Chapt. 19) 

Design of Modern Steel Structures— 
Grinter (Chapt. 3) 

Manufacturing Processes — Begeman 


(Chapt. 8) 

Tool Design—Donaldson & LeCain 
(Chapt. 7) 

Metals & Plastics — Thomas P. 
Hughes 


Technical Society Literature: 

Standard Welding Symbols—Ameri- 
can Welding Society 

Std. Specifications, Welded Highway 
& Railway Bridges—A.W.S. 

Welding Handbook—A.W.S. 

Welding Journal—A.W.S. 

A.LS.C. Specifications 


Industrial Publications: 


Arc Welded Steel Structures—Design 
Manual—Air Reduction Sales Co. 

Practical Arc Welding—Hobart Bros. 

FLEXARC Data Book — Westing- 
house Electric Corp. 

Lessons in Arc Welding—Lincoln 
Electric Co. 

Procedure Handbook of Arc Welding 
—Lincoln Electric Co. 

Design for Welding—Lincoln Arc 
Welding Foundation 


XIX. MATERIAL REQUESTED 


(a) “It would be helpful if we could 
have more information on various types 
of welding, various applications, with 
specimens of typical welded joints. More 
information on advantages and disad- 
vantages would be helpful.” 


(6) “We would appreciate receiving 
any material which would help give our 
engineers a good background of welding 
information.” 

(c) “Any charts or supplementary 
material such as A.W.S. rod specifica- 
tions, welding symbols, tests for qualify- 
ing welding operators, that you send us 
will be deeply appreciated.” 

(d) “We would appreciate receiving 
literature which you may have available 
which would assist us in bringing to the 
attention of our students the latest infor- 
mation on welded fabrication of indus- 
trial equipment and structures.” 

(e) “We would also like more infor- 
mation on the limitations and costs of 


welding as compared with other types 
of joints.” 

(f) “I believe it would be advan- 
tageous to have material covering appli- 
cations of welded construction in all 
phases of civil engineering.” 


(g) “Are copies of the Welding 
Handbook available for purchase at stu- 
dent rates—or are excerpts from the 
Handbook available for distribution to 
students?” (The answer is that the 
A.W.S. Handbook can be secured at 
student rates, a 334%% discount, but 
still $8.00.) 


(h) “We should be pleased to receive 
information on the following: 
“1. Characteristics of a good spot 
weld and how to obtain it. 


“2. Spot welding different materials, 
including the effect of thickness 
of sheets. 


“3. Electrode materials. 
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WELDING IN 


“4. Seam welding — control, elec- 

tronics, techniques. 

“We desire to present some of this 
information in our industrial electronics 
course.” 

There were numerous essentially du- 


EDUCATION 


plicating requests, but again there is a 
limit: “We are already handing out to 
the students so much additional detailed 
literature that I doubt if they would pay 
adequate attention to any further ma- 
terial on welding.” 


XX. ENCOURAGING WELDING EDUCATION 


In addition to the matter of textbooks 
and other suggestions previously dis- 
cussed, specific suggestions were re- 
ceived for providing ways and means to 
further more welding education within 
the undergraduate framework. Among 
these were: 


(a) “I feel that the American Weld- 
ing Society should investigate the 
present efforts of the Foundry Educa- 
tional Foundation in providing summer 
employment and scholarships for able 
undergraduate students who might go 
into this field. I would particularly like 
to underline the viewpoint of the F.E.F. 
in selecting not only metallurgists but 
also business and mechanical engineer- 
ing majors. I believe such scholarships 
in welding engineering could be useful 
in attracting civil and electrical engi- 
neering majors to the field of welding. 
Such an effort pursued for a number 
of years can develop sufficient momen- 
tum so that it may be relaxed from a 
financial standpoint in a few years and 
will continue under its own momentum 
thereafter. This we consider very im- 
portant because we must of necessity 
concentrate on materials and processes 
in the foundation courses in Metal Proc- 
essing. It is only to the students who 
elect professional courses in welding 
that we can give a ‘feel’ for design. 


“In foundry engineering before the 
start of the scholarships, we had about 
one to three bachelor theses students per 
year; now we have about thirty. In 
welding engineering we have only one 
to four theses per year.” 


“I believe this state of affairs can be 
improved provided that the industry in 


cooperation with the American Weld- 
ing Society can join together to pro- 
vide for a number of years modern 
apparatus and scholarships.” 

“Tn closing let me emphasize that our 
Instructing Staff is at all times inter- 
ested in the efforts of the Educational 
Committee of the American Welding 
Society.” 

It should be pointed out that some 
schools object to this outlined proce- 
dure. They feel this proposed procedure 
is noncompatible with training in fund- 
mentals and there is also some aversion 
to commercialism. 

(b) Enlist the aid of the engineering 
professors by legitimate, professional 
and understanding cooperation. Present 
the subject on its own merits. Avoid 
bias, overemphasis and commercialism. 

“T am interested and should like to 
help the A.W.S.” 

(c) Further encourage students to 
participate in the preparation of theses 
in some form of the welding problem 
and to prepare and enter original papers 
in local or national competitive contests. 

“Another way in which we have at- 
tempted to encourage study in this field 
on an extracurricular basis is by giving 
publicity to the national contests in 
welding design. One of our students 
was a winner in one of these contests 
last year.” 

“One of his advanced students won a 
$1500 prize for the design of a welded 
bridge.” 

(d) “May I suggest that you enlist 
the cooperation of the appropriate com- 
mittees of the Founder Societies and of 
the A.S.E.E. Their contacts and sug- 
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WELDING IN EDUCATION 


gestions might prove to be of mutual 
value. There is always the advantage 
of numbers.” 


(e) Encourage students and instruc- 
tors to take inspection trips into indus- 
trial plants and encourage industry to 
invite engineering students and instruc- 
tors to make such trips. 

“My past experience has been that by 
taking students into the actual shops 
where fabrication is being done gives 
them a much more lasting impression 
than by any other method.” 


(f) Encourage instructors to spend 
summers in industry and encourage in- 
dustry to make suitable arrangements 
for instructors to find stimulating and 
profitable employment during such 
periods. 

(g) Encourage “people who are au- 
thorities on welding and principles of 
welded design to come and give lectures 
to the students.” 

Encourage more widespread 
usage and distribution of available mo- 
tion picture films (List available from 
Executive Secretary, AWS, 33 W. 39th 
St., New York, N. Y.). 

(i) “We could use demonstration 
models of specialized welding equip- 
ment if it were to be made available.” 

(7) “Perhaps local A.W.S. member 
contacts with the teachers of engineer- 
ing would be of value. If the teacher 
realizes that the potential employer of 
his students has a specific desire, and 
can justify it, I am sure that attention 
will be generally given, within reason.” 

(k) More laboratory facilities are 
needed by some institutions. Labora- 
tories are expensive. 


“However, recommending the labora- 
tories is one thing and that of providing 
the facilities, another; and, as you well 
know, providing equipment for the in- 
struction of student engineers in ma- 
chine shop practice and welding design 
is a very expensive proposition. Since 
an educational institution does not oper- 
ate on a profit basis, we are unable to 


provide these facilities due to the high 
cost involved.” 


“In expressing my personal opinion, 
I think it is up to the various industries 
as a group to assist the educational in- 
stitutions in providing such equipment, 
for I think in the long run that they will 
benefit to a considerably greater extent 
than the cost involved in providing such 
facilities. This is my viewpoint on this 
matter, and I am ready to go ahead on 
instruction in the field of welding design 
and machine shop work; but the ma- 
jority of educational institutions do not 
have sufficient funds necessary for pro- 
viding such facilities.” 
(On the other hand, if every corpora- 
tion contributed to every worthy cause 
for which they are requested to make 
contributions, little would be left to 
operate the business. ) 


(1) “In our graduate courses the 

most effective way to promote teaching 
of welding design would be for indus- 
trial organizations to make funds avail- 
able for small scale graduate research. 
It would seem very helpful to set up a 
definite program to encourage and sup- 
port research and thesis study on a 
graduate level in welding design and 
engineering.” 
(Actually, there is an extensive Uni- 
versity Research setup of long standing, 
with the various institutions on the one 
hand and the Welding Research Coun- 
cil, 33 W. 39th St., New York, N. Y., 
on the other hand.) 


(m) Provide employment assistance 
to graduates—“it would be highly im- 
portant to know what possibilities of 
placement there would be for students 
specializing in this field.” 


(n) “To close the gap between out- 
of-date textbooks and the frontiers in 
practice, periodic summaries of trends 
and research would greatly assist the 
instructor. Such progress reports need 
not be lengthy. Closer Industry and 
University relationships are necessary 
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WELDING IN EDUCATION 


for a better appreciation of the prob- 
lems of each. Your inquiry is a step in 
this direction.” 

(0) Do not carry this to an extreme 
however because, “At present, great 


quantities of good material from kind 
and helpful manufacturers and societies 
go directly to the wastebasket because 
we must decide what we can do and 
what we can’t.” 


XXI. THE REMAINING CHALLENGE 


“I agree with you that we could do 
more toward advancing the subject of 
welding in the colleges, and it is some- 
thing we must face in the near future; 
but at present, at least for the Civil 
Engineering student, the question is, 
how ?” 

A partial answer is given herein by 


the many educators in their own words. 
Another portion can, well within the 
bounds of propriety, be provided by the 
combined efforts of the A.W.S. Educa- 
tional Committee. The writer of this 
report refrains from individual recom- 
mendations at this time. That is the 
function of the full Committee. 
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BOOK REVIEW 


BOOK REVIEW 


“SHIPS FOR VICTORY” 


By Freperic C. LANE 


WITH THE COLLABORATION OF 
BiancHeE D. Cott, GeraLp J. FiscHer, AND Davip B. TYLER 
Publisher: THe JoHNs Hopkins Press, BALTIMORE, Mb. Price $12.50 


REVIEWED BY CAPTAIN RoperT B. Mappen, U.S.N. 


As the subtitle (“A History of Shipbuilding under the U. S. Maritime Com- 
mission in World War II”) indicates, this book presents an extremely thorough 
and interesting review of all phases of the work of the Maritime Commission 
from 1939 through 1945. It is the story of the production of over 55 million 
dead weight tons of shipping. 

The author began the preparation of the book under a contract with the Mari- 
time Commission, but when the Commission’s funds were reduced, completed the 
task as a private individual. However, at all times he had unrestricted access to 
the Commission’s files, and obtained much of his information from personal 
interviews with the people concerned. 

“Ships for Victory” describes in great detail the relations of the Maritime 
Commission with the White House and Congress, with other government agencies 
such as WPB and WSA, with shipyard management and with organized labor. 
It describes the organization and organizational changes at various times during 
the war period, as well as the relationships between the Washington headquarters 
and the regional offices. 

A detailed discussion of the machinery and hull features of the Liberty and 
Victory ships, as well as the “standard types’—Cl, P4, T1, etc.—is included. 
The cracking of the welded ships and the resultant criticisms and corrective 
measures are analyzed. 

The dealings with shipyard managements, including arrangements for setting 
up management forces, changing of unsuccessful managements, contractual rela- 
tions and the day-to-day means of keeping the “pressure” on the shipyards is 
set forth in considerable detail. Descriptions of the various shipyards and their 
various production methods are also included. Of special interest is the attention 
given to the recruitment, training and housing of the labor force, and the dealings 
with organized labor. Finally, the system of priorities, the scheduling and the 
financial problems are all thoroughly examined. 

The language of the book is unusually clear and direct, and there are a multitude 
of charts, photographs, and other figures to supplement the text. This is without 
a doubt a very important book, and one that should be read by all individuals 
interested in the shipbuilding profession. 
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The Society has learned with deep regret of 
the death of the following since the publication 


| of the August, 1951, issue: 

} 

| FIKE, CHARLES H., Civil Member 
MEANEY, JOSEPH A., Civil Membor 


SCOFIELD, HOWARD E., Associate Member 
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CHANGES IN MEMBERSHIP 


The Society takes much pleasure in announcing that the following have been 
admitted to membership since the publication of the August, 1951, issue. 


NAVAL 


Boland, John Nathaniel, Captain, U.S.N., Ret., 
Washington Office, Raytheon Mfg. Co., 
210 Bond Building, Washington 5, D. C. 


Browning, Robert Clark, Lieutenant, U.S.C.G.R., 
Marine Engineer, Naval Engineering Division, U.S.C.G. 
U.S. Coast Guard 
Mail: 3225 Ravensworth Pl., Parkfairfax, Alexandria, Va. 


DeSousa, Alfred Bernard, Lieutenant, U.S.N.R., 
2532 Vista Drive, Balboa Bayshore, Newport Beach, Calif. 


Franks, William Joseph, Lieutenant, U.S.N., 
USS Pasumpsic (AO 107) 
Mail: 719 Fairmount Ave., Santa Cruz, Calif. 


Hack, John Adrian, Commander, U.S.N., 
USS Sierra (AD 18), % Fleet P. O., New York, N. Y. 


Hill, Warren C., Commander, U.S.N., 
4224 4th St., S.E., Washington, D. C. 


Hunter, Hugh Franklin, Lieutenant, U.S.N.R., Vibration and Structures Engineer, 
Glenn L. Martin Aircraft Co. 
Mail : 4938 Baltimore Ave., N.W., Washington 16, D. C. 


Lawrence, M. J., Captain, U.S.N., 
Bureau of Ships, Navy Department, Washington, D. C. 


Linblad, William John, Ensign, U.S.N., 
USS Stickell (DD 888), % Fleet P. O., San Francisco, Calif. 


McCoury, Paul Henry Clay, Chf. Mach., U.S.N., 
American Consulate Nicosia, Cyprus, 
Department of State, Washington 25, D. C. 


Marsh, Richard Marmion, Commander, U.S.N., 
Code 656, Bureau of Ships, Navy Dept., Washington, D. C. 


| 
Moore, Chauncey, Captain, U.S.N., 
Quarters “A”, U.S. Naval Station, Green Cove Springs, Fla. 


Redmon, Donald Evan, Lieutenant, U.S.N.R., 
Bureau of Ships, Navy Dept., Washington, D. C. 
Mail: 214 E. Marshall St., Falls Church, Va. 


Robbins, Lonnie J., Lieutenant, U.S.N., 
USS Gregory (DD 806) % Fleet P. O., San Francisco, Calif. 


Rosenstein, Albert L., Captain, U.S.N.R., 
Hotel Chateau Crillon, 19th & Locust Sts., Philadelphia, Pa. 
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Rowe, Charles Rockwell, Lieut. Commander, U.S.N.R., 

Inspection Administrator (Petroleum) with Supervising 
Inspector of Naval Material, Houston, Texas 
Mail: 4510 Elm St., Bellaire, Texas 

Sayre, Clifford LeRoy, Lieutenant, U.S.N.R., Project Engineer, 
Hydrodynamic Research, Experimental Towing Tank, Stevens 
Institute of Technology, Hoboken, N. J. 

Scott, Howard H., Lieutenant, U.S.N.R., Special Representative, 
Marine Dept., Heavy Machinery Div., Nordberg Manufacturing Co., 
Milwaukee 7, Wis. 

Shaw, Charles H., Captain, U.S.N., Ret. 

136 Hicks St., Brooklyn 2, N. Y. 


Staudt, Albert Raymond, Commander, U.S.N.R., 
O.N.M. Room 2248-A, Navy Dept., Washington, D. C. 


Tayloe, Harry Marbury, Lieut. Commander (SC) U.S.N.R., 
Suite 800, 1406 G St., N. W., Washington, D. C. 
Tessin, William, Commander, U.S.N., 
U.S. Naval Boiler and Turbine Laboratory, 
Naval Base, Philadelphia, Pa. 
Tsavaris, John Emmanuel, Captain, U.S.N.R., 
Supt. Engineer, Mar-Trade Corp., 44 Whitehall St., New York 4, N. Y. 
Wagner, Richard O., Lieut. Commander, U.S.N., Administrative Officer, 
Office of Supervising Inspector of Naval Material,Box 4090, Houston, Texas 
Mail: 1702 Gardenia Drive, Houston 18, Texas 


Allen, Uriah L., Jr. CIVIL 
Code 817D, Bureau of Ships, Navy Dept. 
Mail: 351 Southampton Drive, Silver Spring, Md. 

Andersen, Niels Yde, Jr., Research Physicist, Cornell Aeronautical 
Laboratory, Buffalo 31, N. Y. 
Mail: 219 Center St., East Aurora, N. Y. 

Barry, Edward William, U.S. Army Transportation Corps., 
Chief of Spare Parts Branch of Technical Dept. of Supply Central Point. 
Mail: 314 East Penn Ave., Cleana, Pa. 

Blair, Lewis Richard, Naval Architect, Bureau of Ships, Navy Dept. 
Mail: 3941 Pennsylvania Ave., S.E., Washington 20, D. C. 

Corcoran, James L., Chief Engineer, Consolidated Safety Valves, 
Manning, Maxwell & Moore, Inc. 
Mail: 290 Booth Hill Road, Trumbull 58, Conn. 

Cullen, Julius Adolph, Conversion Design, Code 460, Bureau of Ships, Navy Dept. 
Mail: 35 Fairhaven Ave., Alexandria, Va. 

Eclov, Hjahnar, Industrial Specialist, 
519 S. Veitch St., Arlington, Va. 

Fox, William James, Engineer, Bethlehem-Sparrows Point Shipyard, Inc. 
Mail: 1934 Edgewoo:l Road, Towson 4, Md. 

Gaus, Joseph N., Marine Sales, American Engineering Co., Philadelphia, Pa. 
Mail: 763 Braxton Road, Ridley Park, Pa. 
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Jorgensen, William, Marine Engineer, 

New York Shipbuilding Corporation, Camden, N. J. 

Lively, George Pendleton, Asst. Head Naval Architect, 
Hull Design Branch, Bureau of Ships, Navy Dept., 
Mail: 818 So. Pitt St., Alexandria, Va. 

Mroz, Edwin Albert, Principal Electronics Engineer, 
Bureau of Ships, Navy Dept. 

Mail: 1025 N. Larrimore St., Arlington 5, Va. 

Mumford, Stephen Frank, Chief Engineer, Marine Dept., 
Combustion-Engineering-Superheater, Inc., New York, 
Mail: 72-17 Little Neck Parkway, Floral Park, N. Y. 

Pearce, Cullen T., Middle Atlantic District Engineering and Service Manager, 
Westinghouse Electric Corp., 

3001 Walnut St., Philadelphia 4, Pa. 

Smith, Albert Andrew, Code 740H, Bureau of Ships, Navy Dept . 

Mail: Box 93A, Lanham, Md. 


ASSOCIATE 
Burnside, Bradley Allen, Product Engineer, American Lumber & Treating Co., 
332 South Michigan Ave., Chicago, Ill. 


Watmuff, Dennis Craven, Sales Mgr., Heavy Engine Div., A.B.O.E., Inc., 
350 5th Ave., New York, N. Y. 


Mail: % Mirrlees Bickerton & Day, Ltd., Mirrlees Works, 
Hazel Grove, Cheshire, England 
TRANSFERRED ASSOCIATE TO CIVIL 


Humphrey, Leonard Graves, Jr., 
4023 Oliver St., Chevy Chase 15, Md. 


RESIGNED 
Hingsburg, F. C., Captain, U.S.C.G. 
Bailey, W. H., 4217 46th St., N.W., Washington 16, D. C. 
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ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon publica- 
tion. Authors are paid from $40.00 to $150.00 depending upon length, interest and 
professional value. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no proof 
is submitted to authors for correction prior to printing. A 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, so 
that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing is 
acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the author(s). 
50 to 100 words for each author is desired. 


Manuscripts should be mailed addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers 
605 F St., N. W. 

Washington 4, D. C. 


Manuscripts accepted will not be returned unless specitically requested by the 
author. If returned, they will be in the condition which has resulted from the 
work of the printer and the engraver. Immediately following publication, the 
author is furnished 10 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days prior 
to the publication date which is the 25th of the issue month. Estimate of cost of 
additional reprints, which will vary with the nature of the article and the num- 
ber of copies ordered, will be furnished on request as soon as possible after the 
article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JourNaAL 
which has not yet been closed (60 days before publication) and for which insuffi- 
cient material is already on hand. 
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Susject MATTER AND AUTHORS 


To assist the editor in programming future issues, the help of all members is 
solicited. To make it easy, the last page in this issue is readily detachable as you 
will find. This page has blanks for two entries. 

(a) What subject would you, as a member, like to see covered by an article 
in the JouRNAL. 
and 
(b) Who do you consider best qualified to prepare such an article authorita- 
tively, and what is his address (if you know). 

Any of these forms which are filled in and mailed to the Society will be 
received with thanks and the editor will follow up to get the suggested articles 
prepared. 


PHOTOGRAPHS 


Photographs of current or historical interest to rezders of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death of 
any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


Shown below is an illustration of the lapel button of the Society. It is believed 
that it will be conceded that this is a very fine dignified insignia. It is one-half 
inch in diameter. 


The oak leaves and lettering are red on a gold background. 
It is available to all members at fifty cents (50c) each. 
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ASSOCIATION NOTES 


LIFE MEMBERSHIPS 


Any member may now purchase a life membership under the following rules: 


(a) Any dues paid for the year in which life membership is purchased will 
be credited to the cost of the life membership. 


(b) Life memberships are non-transferable and terminate with the death 
of the member. 


(c) No refund will be made on account of death or resignation of a life 
member. 


(d) Life membership will vary in cost with the age of the member at his 
next birthday following application, as follows : 


(e) All life memberships paid in shall be protected by a transfer on the 
books of the Society of Series G, U. S. Government 2% per cent bonds. Thus 
a life membership will be established. It will be credited with moneys paid 
in for life memberships and debited with the regular amount of annual dues for 
each life member each year. 


LOCAL CHAPTERS 


Local Chapters of the American Society of Naval Engineers may now be author- 


ized by the Council. The following rules for recognition of Local Chapters have 
been adopted by the Council: 


(a) Twenty or more regular members, Naval or Civilian, may apply for 
a Charter as a Local Chapter. 


(b) Each application must be accompanied by a list of members and a copy 
of local By-laws. The latter must meet the following minimum requirements. 


1. All financial dealings of the local Chapter must be independent of the 
Society and can in no way obligate the Society as a whole. The local chapter 
shall set up on a non-profit basis. All accounting shall be local. 


2. Each active local Chapter shall receive from the Society a grant of 
$0.50 per year for each naval member, civil member or associate who resides 
in the local area and who associates himself with the local Chapter. This 
grant may be used by the local Chapter to defray any necessary expenses, 
including (a) Letterheads, (b) Notice cards, (c) Postage, (d) Minimum rental 
allowance, (e) Secretarial service (part time). 
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ASSOCIATION NOTES 


3. Any technical papers presented at local chapter meetings, shall be sub- 
mitted to the Secretary-Treasurer of the Society for consideration for publi- 
cation in the JourNAL. Any paper accepted will be paid for at regular rates. 


4. Each local chapter shall submit a quarterly report of its activities to 
the Secretary-Treasurer. These reports must reach Washington, D. C. prior 
to 15 January, 15 April, 15 July and 15 October. This report shall contain 
a list of active local members as of the first day of the quarter for the pur- 
pose of computing the amount of grant. 


5. Associate members of the Society shall be eligible for membership in a 
Local Chapter, entitled to all the privileges of other members except voting 
and holding office. 


Report oF AuDIT COMMITTEE 


Rear Admiral Louis Dreller, USN, Ret’d. 30 August, 1951 
3260 Gunston Road 
Alexandria, Virginia 


Dear Admiral Dreller : 


The committee which you appointed to audit the accounts of the Secretary- 
Treasurer of the American Society of Naval Engineers for the calendar year 1950, 
met at the residence of Mr. A. G. Fessenden, Clerk of the Society, on 23 August, 
1951. The entire committee was present, consisting of myself as chairman and 
Captain W. B. Armstrong, USNR, and Mr. John F. Hanlon as members, in 
accordance with your letter of 28 August, 1951. The Secretary-Treasurer, Captain 
James E. Hamilton, USN, Ret’d, was also present. 


The committee determined that the accounts of the Society for the year 1950, 
are in order and have been carefully kept. A statement of the income and expendi- 
tures and a balance statement, signed by the members of the committee, are 
appended. 

As chairman of the committee, I sighted the Society’s securities, a list of 
which is appended. The Secretary-Treasurer was also present at the sighting. 


Respectfully, 


R. B. Mappen 
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ASSOCIATION NOTES 


THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


FINANCIAL STATEMENTS, 1950 


TrIAL BALANCE 


Accounts receivable: 

Advertisements ............ erecta $ 2,956.95 

337.75 $ 6,290.00 
Investments : 

U.S. Defense Bonds, Series G...... $58,000.00 

Washington Gas Light Co. Bonds... 997.50 58,997.50 
Income (Publication) : 

Advertisements $ 7,322.50 

Sales (Society Buttons) ........... 18.00 

Expenditures (Publication) : 

Interest on Investments .............. 1,450.00 
Current: Profit. & 5,341.50 
Dues Paid in Advance .............. 359.00 
Subscriptions Paid in Advance ...... 6,309.75 
Advertisements Paid in Advance...... 212.50 

$116,741.28 $116,741.28 
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STATEMENT OF INCOME AND EXPENDITURES 


EXPENDITURES 
Publication : 
3,010.00 
Current Profit & Loss .............+. 5,341.50 
$ 50,179.12 
INCOME 
Publication : 
Sales (Society Buttons) ........... 18.00 
10,933.55 $ 41,275.89 
Interest on Investments ............. 1,450.00 
Banquet, 1900 589.66 $ 43,315.55 
NET: BOSS. $ 6,863.57 
0 
6 


om 


ASSOCIATION NOTES 


BALANCE STATEMENT 


Total Assets January 1, 1950......... 

Assets December 31, 1950: 

Accounts Receivable: 

Investments : 

' U.S. Defense Bonds, Series G...... $58,000.00 


Washington Gas Light Co. Bonds... 997.50 


Furniture 


Liabilities (Accounting Only) 
Advertisements Paid in Advance.... $ 212.50 


$ 1,179.66 


6,290.00 


58,997.50 
95.00 
$ 66,562.16 


6,881.25 


Dues Paid in Advance ............ 359.00 

Subscriptions Paid in Advance ..... 6,309.75 
Total Net Assets December 31, 1950. . 


Respectfully submitted, 
J. E. Hamitton, 


Secretary-Treasurer 


Audited and Found Correct 
CoMMANDER R. B. Mappen, USN 


Caprain W. B. Armstronc, USNR > Audit Committee 


Mr. F. HANLON 
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ASNE Securities 


U. S. Savings, Bonds, Series G: 


Dated April 1, 1943: Purchased April 29, 1943: 


Six $1000 Bonds, Serial Nos. M1603025G, M1603026G, M1603027G 
M1603028G, M1603029G, M1603030G 


Dated January 1, 1944: Purchased January 21, 1944: 
Five $1000 Bonds, Serial Nos. M2320993G, M2320994G, M2320995G, 
M2320996G, M2320997G 


Dated June 1, 1944: Purchased June 13, 1944: 
Five $1000 Bonds, Serial Nos. M2774191G, M2774192G, M2774193G, 
M2774194G, M2774195G 


Dated July 1, 1944: Purchased July 8, 1944: 
Five $1000 Bonds, Serial Nos. M2939454G, M2939455G, M2939456G, 
M2939458G, M2939900G 


Dated December 1, 1944: Purchased December 9, 1944: 


Ten $1000 Bonds, Serial Nos. M3305689G, M3305690G, M3305691G, 
M3305692G, M3305693G, M3305694G, M3305695G, 
M3305696G, M3305697G, M3305698G 


Dated June 1, 1945: Purchased June 15, 1945: 
Twelve $1000 Bonds, Serial Nos. M3686826G, M3686827G, M3686828G, 
M3686829G, M3686830G, M3686831G, M3686832G, 
M3686833G, M3686834G, M3686835G, M3686836G, 
M3686837G 


Dated September 1, 1946: Purchased September 23, 1946: 
Three $5000 Bonds, Serial Nos. V717388G, V717389G, V717391G. 


The above mentioned bonds carried on our books at face value. Their present 


worth is shown on each bond. 


Washington Gas Light Company, 5% coupon, Non-callable, Due Nov. 1, 1960, 


Purchased December 4, 1929. Two $500 Bonds, Serial Nos. 9167 and 9606. 


Carried on our books at $997.50. They are worth more than their face value. 
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BUSINESS OF THE SOCIETY 


From: ASNE AdHoc Committee 
To: ASNE Council 


Subject: ASNE Financial Status 


Reference: (a) ASNE Council Meeting of 26 June, 1951 


1. On the occasion of the ASNE council meeting on 26 June, 1951, the president 
appointed a committee consisting of Captain Dolan, Chairman, Captain Hamilton, 
Member, and Mr. Engel, Member, “to investigate the entire question of an appro- 
priate business staff and equitable salaries to enable the Society to carry on its 
business in an efficient and orderly manner and within the income of the Society, 
the committee to report to the Council its recommendations not later than 15 
September, 1951.” 


2. Your committee has taken a liberal interpretation of its assignment and has 
accordingly reviewed all financial aspects of the Society. A discussion thereof, 
together with the committee’s comments and recommendations follows: 


a. Budget—The Society has never operated under an approved budget. 
Apparently, the Secretary-Treasurer has, of his own volition and with remarkable 
success, operated the business of the Society under some kind of an unofficial budget 
determined by himself. It is considered that the Council has the responsibility to 
fix an annual budget, and it is the unanimous recommendation of the committee 
that the Council approve a budget on an anuual basis commencing with the calendar 
year 1952. Accordingly, a proposed budget for the calendar year 1952 is submitted 
as attachment 1. 


b. Dues—Current annual dues fixed by the present By-Laws are $7.50. It is 
the unanimous recommendation of the committee that no change be made at this 
time. 

c. Subscriptions to ASNE Journal—The current annual subscription rate for 
the JourNAL is $9.00. It is the unanimous recommendation of the committee that 
no change be made at this time. 


d. Advertising Rates in ASNE Journal—The current advertising rates in the 
JourNnat are $250.00 per full page, $150.00 per half page, and $100.00 per quarter 
page. It is the unanimous recommendation of the committee that no change be made 
at this time. However, the committee recommends that the Secretary-Treasurer 
initiate an immediate campaign to secure additional advertisements in the JouRNAL, 
and that at such time as circulation has increased to an extent to warrant such 
action, consideration be given to an increase ‘in the advertising rates. 


e. Annual Banquet—The activities of the Society consist primarily of the 
Journat, which is published quarterly, and the annual banquet. It is the unanimous 
recommendation of the committee that the annual banquet be self-supporting. How- 
ever, the committee is loathe to make any recommendation concerning certain 
aspects of this banquet and, accordingly, submits the following for consideration by 
the Council. Current practice is to charge members at the rate of $10.00 per plate 
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and non-members at the rate of $12.50 per plate, with the stipulation that non- 
member attendance be limited to one guest per member. Aside from the incon- 
venience of the price differential between members and non-members, there has 
arisen the problem of staying within the physical space limitations of the Statler 
Hotel which has the only banquet room in Washington with the required capacity. 
The two basic questions are: 


1. Should price differential between members and non-members be abolished 
or retained? 

2. If retained, should it be at ratio of $10.00 to $12.50, or at some other 
ratio such as $10.00 to $15.00? 


f. Salaries of ASNE Staff 


1. The committee unanimously reaffirms the Council action at the meeting 
of 26 June, 1951 to : 

(a) Raise the salary of the Clerk to $300.00 per month as of 1 July, 1951 

(b) Employ an assistant to the Clerk at a salary of $200.00 per month. 

(c) Pay Mr. Fessenden $150.00 per month for life upon his retirement as 
an employee of the Society. 

2. The committee, by a majority vote, recommends that the salary of the 
— be increased to $300.00 per month commencing 1 October, 
1951. 

3. The committee, by a majority vote, recommends that the salary of the 
Assistant Secretary-Treasurer be increased to $100.00 per month commencing 1 
October, 1951. 


g. By-Laws—The committee unanimously recommends that the first line of 
article 11 of the By-Laws be amended by substituting the word “may” for “shall.” 
This change would make the appointment of an Assistant Secretary-Treasurer 
optional and would thus give the Council more leeway in the matter of salaries. 


h. Secretary-Treasurer—The committee discussed at considerable length the 
question as to whether the Secretary-Treasurer should be an elective position, as 
now provided by the By-Laws, or an appointive position. It is considered that, in 
any event, he should be a commissioned officer of the regular Navy, Marine Corps, 
or the Coast Guard, and a member of the Council, as now provided by the By- 
Laws. The committee submits no recommendation with respect to the manner in 
which the Secretary-Treasurer is selected. 


3. It is requested that the committee be dissolved. 
S/J. E. Hamilton S/F. H. Engel S/W. A. Dolan, Jr. 
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‘| AMERICAN SOCIETY OF NAVAL ENGINEERS 
| Budget for 1952 
| Predicted Income: 
Dues (2850 @ 
Subscriptions (1800 @ $9.00).............. 
} Banquet (1500 @ $12.50) ................. 
Total Predicted 
4 Authorized Expenditures : 
a | Profit & Loss (Delinquent dues)........... 
| Journal 
Printing (incl. mailing)................. $25,800.00 
2,400.00 
Total Authorized Expenditures .............. 


Approved by Council: 9/10/51 


Louis DRELLER 
President, Attest. 
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$21,375.00 
7,500.00 
16,200.00 
350.00 
1,500.00 
18,750.00 


$65,675.00 


$64,130.00 
$ 1,545.00 


Proposed: 9/10/51 


J. E. HAMILTON 
Sec. Treas. 


} 
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$10,800.00 
480.00 
250.00 
2,200.00 
400.00 
1,000.00 
31,000.00 
18,000.00 
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Newest, lightest, 


most compact 
SUBMARINE 
ENGINE 


OW being installed in the 

United States Navy’s new- 
est attack submarines is a re- 
markable new radial-type Diesel 
engine. 
Developed for the United States 
Navy by Cleveland Diesel En- 
gine Division of General Motors, 
this 16-cylinder, 2-cycle Diesel is 
the lightest Diesel engine avail- 


able in this power range. It is so 
compact that it is only about one 
third the weight and size of.en- 


gines previously used for sub-" 


marine propulsion! 


Compact, economical and, above 
all, dependable, GM Diesel Elec- 
tric Drive is the power plant that 
pays its way in all set of 
marine operations. 


Leader in Diesel engineering development for 39 years 


Cleveland Diesel Engine Di Division 


CLEVELAND 11, OHIO 
GENERAL MOTORS 


ENGINES FROM 
150 TO 


2000 H.P. 


sENERAL MOTOR 


DIESEL 
POWER 
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A Timely ANACONDA Tube Alloy Development 


CUPRO-NICKEL-=755 for salt water use 


AnacondDA Cupro-Nickel-755* is a 
nickel-content tube alloy meeting re- 
quirements of Military Specification 
MILT 15005 (Ships) Amendment-4 
dated June 15, 1951. Containing but 
one third the nickel content of Super- 
Nickel, its importance is its conservation 
of critical nickel supplies in these times, 
combined with a service life and corro- 
sion resistance comparable to Super- 
Nickel-702, (70-30 copper-nickel alloy) 
but at a considerably lower cost. 
In marine service, experience suggests 
the use of Cupro-Nickel-755 Condenser 
Tubes where Admiralty and Aluminum 


Brass Alloys have proven unsatisfactory. - 


It has proven of great interest to our 
Navy and The American Brass Co. has 


made it available to the Government 
*U. S. Patent No. 2,074,604 


through license without royalty. 

The long experience of Anaconda in 
the development and application of 
condenser tube alloys is freely available 
to you through our Technical Depart- 
ment. Just write to The American Brass 
Co., Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ont. BILIZA 


ANACONDA Cupro-Nickel-755: 


ANACONDA Cupro-Nickel-755 composition: 
Copper 88.35 Manganese 0.40 
Nickel 10.00 tron 1.25 


® CONDENSER 


the leading manufacturer of 
SHORAN ....LORAN ...TELERAN... 
RADAR ...RADAR ALTIMETERS ... 
SONAR ... BATTLE ANNOUNCE and 
RADIO COMMUNICATIONS EQUIPMENT 


GOVERNMENT EQUIPMENT SECTION 
RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, H.J. 
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THE SHIPBUILDING BUSINESS 
in the 
‘UNITED STATES OF AMERICA 


Published by 


THE SOCIETY OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS 


The first complete authorita- 
tive book covering all busi- 
ness phases of the shipbuild- 
ing industry. 


Under the guidance of a spe- 
cial committee, an experi- 
enced editor, and a compe- 
tent staff of 30 authors, these 
two compact volumes form a 
comprehensive work on the 
history, organization, and 
operation of the industry. 

ircular giving detailed table 
of contents furnished upon 
request. Retail price for the 
two-volume set 


$12.50 postpaid. 
Foreign postage, 
$1.25 additional. 


Other Good Books for Marine Men 
MARINE ENGINEERING 


Edited by Herbert L. Seward, Professor of Mechanical and Marine Engi- 
neering, Yale University, with a control committee of industry leaders, 
Dapemenen teachers, and experts in the field. 

n two compact volumes of 22 chapters, each written by a recognized 
authority, this work is a complete treatise covering theory, principles, and 
practical application in every phase of marine engineering. Price for the 
two-volume set, $11.00 postpaid. Separate volumes $6.00 each. Add $1.25 
for foreign postage for the set, 85¢ for individual volumes. Descriptive 
folder giving table of contents and authors available upon request. 


PRINCIPLES OF NAVAL ARCHITECTURE 


Edited by Professors Rossell and Chapman, Massachusetts Institute of 
Technology. A two-volume desk library for every naval architect and 
marine engineer. This complete and up-to-date work by ten recognized 
authorities was reviewed by a competent control committee to insure its 
completeness and unbiassed viewpoint. 530 pages, 333 illustrations, 551 
formulas, 80 tables, all indexed for quick reference. Price $11.00 post- 
paid for the two-volume set. Add $1.26 for foreign postage. Descriptive 
circular upon request. 


Order from 
THE SOCIETY OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS 
29 West 39th Street New York 18, New York 
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Good Name 
on Land OR Sea! 


Bar ALLIS-CHALMERS NAMEPLATE continues in prom- 
inence on the fighting and supporting ships of our 
marine arm, Proven on all types of craft in World War 
II, Allis-Chalmers equipment is again in action with 
today’s fleet. Newly developed equipment will play an 
increasingly important role in the fleet of tomorrow, 
on and below the surface. A-3375 


MAIN PROPULSION UNITS * ALL TYPES 
OF PUMPS * MOTORS AND CONTROLS 
CONDENSERS AND AIR EJECTORS 
LIGHTING SETS %* GENERATORS 


Baby flat-top, using 
Allis-Chalmers main pro- 
pulsion unit, main con- 
denser, lighting set, 
auxiliary condenser, air 
ejectors, motors, control, 
and pumps. 
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the heart of a good ship. 


aiR PREHEAn.. 
HEATERS COMBUS. 
4S + CONDENSERS — MAIN, . 
DISTILLERS ECONOMIZERS - Nie, * EXPANSION JOIN 
MARINE STEAM GENERATORS - 
JATING OIL HEATERS + MARINE STIAJ 
AEATERS— STEAM WATER WALLS |} CONDENSERS WASTE 
RS—DIESEL EXHAUST AIR EJEG + BONERS— 
R TUBE AND WASTE HEAT < B i 
TROL SYSTEMS AND TEMPERAT: 
\ARY, GLAND STEAM AND AT, 
EMEATERS FLUE 


* DISTILLEP 

7AS EJECTORS LUBP’ 
° STEAM JET AIR EJ” 

WASTE" 


Because so much depends on a ship's steam 
generating equipment---source of all power 
. _ for propulsion, light and heat—boiler room 
¢ equipment must be selected on the basis of 
dependability, reserve capacity, and ruggedness 


of construction. 


Foster Wheeler Steam Generators, Condensers, 
3 Evaporators, Heat Exchangers, and other steam 
auxiliaries have withstood the test of time and service 
in many thousands of marine and stationary installations — 
over scores of peacetime and wartime years. 
te Foster Wheeler engineering and production facilities 
stand ready to meet the varied and exacting demands 
of peacetime shipping, or the emergency requirements 
of our Naval, Maritime, and Coast Guard services. 


FOSTER WHEELER CORPORATION 


165 BROADWAY, NEW YORK 6, N. Y. 


-FostER WHEELER 


A STEAM G PERHEATER: 
4 
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You Can Depend on I-R 
MARINE PUMPS 


FOR LOW MAINTENANCE, SUSTAINED EFFICIENCY 
AND CONTINUOUS PERFORMANCE 


Ingersoll-Rand has a background in the design and 
application of marine pumps that dates from 1860. 
This vast experience, and the company’s modern 
» manufacturing and research facilities, enables I-R 
engineers to help you select the most efficient pump, 
of the proper materials for any pumping service 
aboard ship. 

The complete line includes horizontal and vertical 
centrifugal pumps for boiler-feed, condenser circulat- 
ing, condensate, fire, Butterworth, sanitary and main 
. Cargo service. Consult an Ingersoll-Rand Marine spe- 
cialist for the answers to your pumping requirements. 


480-10 11 BROADWAY, NEW YORK 4, N. Y. 


PROVEN IN THE SERVICE 


For 59 years, Cutler-Hammer, Pioneer Electrical Manufacturer, has furnished 

dependable control to all departments of the United States government. Built to 

specifications . . . backed by an outstanding record of performance. 
CONTROL APPARATUS FOR ALL MARINE USES 


Motor Control for Every Service, Ventilating Fans, Pumps, Cargo Winches, Capstans, 
Windlasses, Lau 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, MILWAUKEE 1, wis. 


q 
; 
Ingersoll-Rand 
| Cameron Pump Division 
— 
Magnetic Brakes, Le Ren A MM Pressure Regulators, 
‘| Motor Operators for Valves, Magnetic Clutches, 
= MOTOR CONTR a= Watertight Door Control, 
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Twin Boston Tugs Serve 21 Years 
With Records of Top Performance 


The twin towboats “Luna” and ‘‘Venus,” 
veterans of 21 years service in Boston 
Harbor and operated by the Boston Tow- 
boat Company, met their big test during 
the peak war shipping year of 1945. 

The ready availability of the General 
Electric diesel-electric drive aboard the 
sister tugs allowed them to operate at as 
much as 60% capacity—_10% over the 
normal usage for tugs in high-water Boston 
Harbor. Efficient operation of G-E diesel-electric drive kept fuel 
costs to a minimum, required no major overhaul or replacement 
despite heavy demands of tight scheduling. Steady, dependable 
power and fast, easy maneuvering saved time and mishap in 
making up convoys. Quick starting meant top availability from 
these venerable towboats which are still mainstays of the fleet. 
Above right, one of the two G-E main propulsion motors aboard 
each vessel. Motors are rated 258 hp, 125 rpm, 250 volts. 
General Electric Company, Schenectady 5, N.Y. 
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_ You can put your confidence i in— 


GENERAL ELECTRIC 
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Photograph courtesy of Cummins Engine Company, Inc., Columbus, Indiana 


Tire-shaped rubber packing rings for cylinder liners in 
Cummins diesel engines are small but important. They 
provide a seal between oil and water — a seal that must be 
perfect whether the engine is cold or operating at high 
temperatures. Moreover, these rubber rings must stand up 
for at least the equivalent of 100,000 miles of operation. 
These severe operating requirements presented a rubber 
1 problem with exacting specifications. Resistance to sustained 
} heat. Controlled swell in oil. Exceptional compression quality. 
i Precision tolerances. 
The successful solution of this problem is typical of the 
“service in rubber” offered by Continental. 
When you need rubber parts, why not enlist the assistance 


of specialists? 


CONTINENTAL 
RUBBER WORKS 


PENNS YLULVAWNEA 
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U. S. NAVAL INSTITUTE 


FOUNDED IN 1873 


“FOR THE ADVANCEMENT OF PROFESSIONAL, LIT- 
ERARY, AND SCIENTIFIC KNOWLEDGE IN THE NAVY” 


U. S. NAVAL INSTITUTE PROCEEDINGS 


PUBLISHED MONTHLY, ILLUSTRATED EXTENSIVELY, FOR OVER 
SEVENTY-FIVE YEARS HAS BEEN THE NAvy’s Forum. 


MEMBERS OF THE AMERICAN 
SOCIETY OF NAVAL ENGINEERS 


Should read the PROCEEDINGS for pleasure and profit. The 
issues contain anecdotes and reminiscences, incidents from his— 
tory and essays on topics of naval interest, technical articles and 
treatises on naval development and progress, book reviews and 
discussions, and international and professional notes. Member— 
ship dues (including PROCEEDINGS), $3.00 a year. Subscrip— 
tion rate, $5.00 a year. (Foreign postage, $1.00 extra.) Single 
copies 50 cents (except some scarce issues). 


APPLICATION FOR MEMBERSHIP 


SECRETARY-—T REASURER 
U. S. NAVAL INSTITUTE 
ANNAPOLIS, MARYLAND 

I hereby apply for membership in the U. S. Naval Institute 
and enclose $3.00 in payment of dues for the first year to begin 
with thei2¢2.340.... issue of the PROCEEDING (the monthly 
magazine of the U. S. Naval Institute). 

I am interested in the objects and purposes of the Institute, 
namely, the advancement of professional, literary, and scientific 
knowledge in the Navy.I am a citizen of the United States and 
understand that members are liable for dues until the date of 
receipt of their written resignations, 
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BETHLEHEM STEEL COMPANY 


De ee 


NAVAL ARCHITECTS AND MARINE ENGINEERS 


SHIPBUILDING YARDS 


QUINCY YARD 
Quincy, Mass. 


STATEN ISLAND YARD 
Staten Island, N. Y. 


SHIPYARD, INC. 
Sparrows Point, Md. 


BEAUMONT YARD 
Beaumont, Texas 


SAN FRANCISCO YARD 
San Francisco, Calif. 


SAN PEDRO YARD 
Terminal Island, Calif. 


BETHLEHEM-SPARROWS POINT 


SHIP REPAIR YARDS 


BOSTON HARBOR 
Boston Yard 


NEW YORK HARBOR 
Brooklyn 27th Street Yard 
Brooklyn 56th Street Yard 

Hoboken Yard 

Staten Island Yard 


BALTIMORE HARBOR 
Baltimore Yard 


GULF COAST 
Beaumont Yard 


(Beaumont, Texas) 


SAN FRANCISCO HARBOR 
San Francisco Yard 


SAN PEDRO HARBOR 
(Port of Los Angeles) 


San Pedro Yard 


General Offices: 25 Broadway, New York 4, N. Y. 


On the Pacific Coast shipbuilding and ship repairing are performed by the Shipbuilding Division of 
Bethlehem Pacific Coast Steel Corporation 
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Worldwide Experience 


in Communications Research and Manufacture 


— in the Service of America 


While I. T. & T.'s associate companies 
abroad are contributing to the re- 
habilitation and expansion of com- 
munications in nations ravaged by the 
war, ihe technical skills of the System 
affiliates in this country are devoted 
largely to the service of the United 
States. Its American research unit, 
Federal Telecommunication Laborato- 
ries—with its unique experimental tower 
—and the factories of the Federal 
Telephone and Radio Corporation 
are united in a productive partner- 
ship dedicated to the achievement of 
better communications for the nation. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
67 Broad Street, New York 4, N. Y. 


U.S. Manufacturing Subsidiaries—Federal Telephone and Radio Corporation 
Capehart-Farnsworth Corporation 


U. S. Research Unit—Federal Telecommunication Laboratories 
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The vast experience of Ward Leonard includes 
the entire period of the application of elec- 
tricity. Every item in the line of Ward Leonard 
controls is a product of sound engineering, 
practical designing and careful manufacture 
ca . each planned to meet a specific set of 
conditions ... 


| 


| Resistors . . Rheostats . . Relays . . Contactors 
Motor Starters . . . Controllers . . . Dimmers. 


ELECTRIC CONTROL DEVICES SINCE 1892 


WARD LEONARD 
ELECTRIC CO. 


MOUNT VERNON NEW YORK 


| | @ Terry TURBING - 


Terry Marine Turbines are dependable, compact, effi- | 
cient machines especially designed for driving gener- 
ators, boiler feed pumps, fuel oil pumps, compressors, 
etc. aboard ship. They offer the advantages of over 
fifty years experience in the Marine Field on both 
Commercial and Naval Vessels. 

Turbines ranging from 5 to 3000 H.P. are built in 
the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. a 

Complete details on any turbine application will be 
gladly furnished. 


‘THE TERRY STEAM TURBINE COMPANY : 
| P. ©. BOX 1200 HARTFORD 1, CONNECTICUT ME © 
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WONDERS 
of 


WORKMANSHIP 


Twenty-five years ago Electric Boat 
delivered two submarines to the Pe- 
ruvian Government. In 1928, two 
years later, another pair of EBCo- was completed, they made the long trip 
built subs was_ purchased by Peru. home with ease. 

Last year, still sound and in excellent This remarkable record of long life and 
condition, these four sturdy craft with trouble-free operation is dramatic evi- 
their Peruvian officers and crews ar- dence of the fine workmanship that 
rived at New London fer overhaul and goes into EBCo products. Our skill, 
modernization. They had traveled the experience and facilities are devoted to 
entire distance from their home port in’ the defense of our country through the 
Peru under their own power and with- development and construction of ever 
out mishap. When work on the subs _ better. more efficient submarines. 


ELECTRIC BOAT COMPANY 


Submarines and PT Boats—Groton, Connecticut 


NEW YORK OFFICE ELECTRO DYNAMIC DIVISION CANADAIR LIMITED 
445 Park Avenue Electric Motors & Generators Aircraft 
New York, N. Y. Bayonne, N. J. Montreal, Canada 


WHEREVER THERE'S A COOPER-BESSEMER 
THERE'S RELIABLE POWER! 


Navy and Coast Guard men who have had ie 
experience with C-B Diesels, who have de- 
pended upon them in action, know that 
these fine engines stand for dependability 
in its broadest sense. Perhaps they do not 


it in know that the outstanding performance of 
Axial every modern Cooper-Bessemer is due in 
part to a century-old background of engine- 
‘ll be q building experience. This, combined with 


truly advanced engineering, has enabled 
Cooper-Bessemer Diesels to do a notable 
job in Navy and Coast Guard vessels from 
the biggest combat ships to relatively small 
patrol boats. Yes, you can always count on 
Cooper-Bessemers for Diesel performance 
at its finest. 


The Cooper-Bessemer Corporation 


MOUNT VERNON, OHIO — GROVE CITY, PENNA. 
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RRayTHEON has been 2 
leader in marine electronics 
for over 50 years. Pioneer 
in underwater signalling 
and sound detection, its 


“UNDER- 


subma: 
the first to disclose @ com- 
plete radar system. 
In peace of in war, “Ray- 
theon is there” serving the 
Navy with quality marine 
ucts. 
¥THEON 
COMPANY 
Division 


KINGSBURY 
THRUST BEARINGS 


Preferred through tw 
d o World W i 
dependability under difficult 
Each ship of “Missouri” 
four main thrusts. pa 


Kingsbury Machine Works, Inc. * 
ladelphia 24, Pa. 


| Reg, US. Pat. OF pt 6470-JA 
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All types of deck covering 
except wood — for EVERY 
type of ship—sprayed 
asbestos insulation. 


SELBY, BATTERSBY & CO. 


{SELBY 


BATTERSBY « CO. 


INCORPORATED 1925 


5235 Whitby Ave 
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TEAR OUT, FILL IN THE TWO BLANK SPACES 
SIGN AND MAIL TO: 


Secretary-Treasurer 

The American Society of Naval Engineers, Inc. 
605 F St., N. W. 

Washington 4, D. C. 


I would like to see an article in the Journat of the following 
subject : 


I suggest that. 


could prepare an 


authoritative article on the above subject. 


Member 
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QUALIFICATION FOR MEMBERSHIP 


Commissioned and ex-commissioned officers of the regular Navy, Marine 
Corps and Coast Guard of the United States; warrant and ex-warrant 
officers of the regular Navy, Coast Guard and Marine Corps of the United 
States; reserve commissioned and warrant officers of the Navy, Coast Guard 
and Marine Corps of the United States shall be eligible as Naval Members. 
Persons eligible as naval members shall be admitted upon application and 
payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they 
can cooperate with Naval engineers in the promotion of professional knowl- 
edge may be eligible as civil members. They shall have been in the active 
practice of an engineering profession for at least eight years and in re- 
sponsible charge of important work for five years, and shall be qualified to 
design as well as to direct engineering work. Fulfilling the duties of a 
professor of engineering who is in charge of a department in a college or 
school of accepted standing shall be taken as an equivalent to an equal 
number of years of active practice. Graduation from a school of engineering 
of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as civil members may be admitted upon 
application and payment of annual dues, provided that the application is 
accompanied by the recommendation of two members and provided that 
the application shall receive the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who 
are especially interested in naval matters or the merchant marine may be 
eligible as associate members. Commissioned officers of the United States 
Army and of foreign military and naval services may be eligible as associate 
members. Persons eligible to associate membership may be admitted upon 
application and payment of annual dues, provided the application have the 
recommendation of a member and provided the application shall receive the 
approval of a majority of the Council, except that in the case of com- 
missioned officers of the United States Army and of foreign naval and 
military services, the recommendation of a member will not be required. 


Associate members shall be entitled to all the privileges of other mem- 
bers except voting and holding office. 


The annual dues shall be $7.50 payable on 1 January in advance. 
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APPLICATION FOR MEMBERSHIP 
IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


Date 


I hereby make application for membership* in the American 
Society of Naval Engineers and submit the following information: 


For Naval Membership 


(First) (Middle) (Last) 


Name 
Rank File No 


Business connection and position, if any 


For Civil Membership 
(First) (Middle) 


Name 


Years in engineering work 
Years in responsible charge of important work 


Present business connection and position 


Recommended by (two members) 


For Associate Membership 


(First) (Middle) 


Name 

Rank, if Commissioned Officer of 
U. S. Army or of foreign mili- 
tary or Naval service 


Business connection and position 


Recommended by (one member )- 


Signature of Applicant 


Address for Journal and Mail 


MAIL TO SECRETARY-TREASURER 
Tue AMERICAN Society oF NAvAL INC. 
605 F St., N. W., Wasuincton 4, D. C. 


*See reverse side for required qualifications for various cli of 
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a SECRETARIES OF THE SOCIETY 


Current: 
Captain J. E. Hamatton, U. S. Navy, Retired 


Past Secretaries: 


1889 P. A. Engineer R. S. Grirrin, U. S. Navy 
1890 Assistant Engineer W. M. McFaranp, U. S. Navy 
1891 Assistant Engineer Emm Tuetss, U. S. Navy 
1892-93 P. A. Engineer W. M. McFarranp, U. S. Navy 
1894-95 P. A. Engineer R. S. Grirrin, U. S. Navy 
1896-97 P. A. Engineer F. C. Brec, U. S. Navy 
1898  P. A. Engineer W. M. McFarvanp, U. S. Navy 
1899 Chief Engineer A. B. Wriurts, U. S. Navy 
1900 Lt. Comdr. A. B, Wiuits, U, S. Navy 
1901. Lieutenant B. C. Bayan, U. S. Navy 
1902 Lieutenant C. W. Dyson, U. S. Navy 
1903 Lt. Comdr. Joun R. Epwarps, U. S. Navy 
1904 Lieutenant M. E. Resp, U. S. Navy 
1905 Lieutenant W. W. Warts, U. S. Navy 
1906 Lieutenant C. K. Mattiory, U. S. Navy 
1907-08 Lt. Comdr. T. C. Fenton, U. S. a 
1909-10 Lieutenant H. C. Drncer, U. S. 
1911 Commander U. T. Hormgs, U. S. en 
1912 Lieutenant Hatucan, U. S. Navy 

Lt. Comdr. E. L. Bennett, U. S. Navy 
1913 Lieutenant O. L. Cox, U. S. Navy 
1914. Lt. Comdr. H. C. Dincer, U. S. Navy 
x 1915-16 Lieutenant A. T. Caurcu, U. S: Navy 
1917 Comdr. J. O. Ricnarpson, U. S. Navy 

Lt. Comdr. F. W. Srerttnc, U. S. Navy, Retired 
1918 Lt Comdr. F. W. Srerirne, U. S. Navy, Retired 

wi9 Lt Comdr. F. Stertinc, U, S. Navy, Retired 
a Commander J. S. Evans, U. S. Navy 
i. 1920 Commander J. S. Evans, U. S. Navy 
1921 Commander J. S. Evans, U. S. Navy 


Commander H. B. Hirp, U. “Navy 
1928 L. Cox, U, S. Navy 
Commander H. T. Smita, U. S. Navy 


1938 


1939-40 Lt. Comdr. Guy Cuapwicx, Navy 

# 1940-44 Captain J. E. Hamiron, U. S. Navy 

1945 Commander R. T. SuTHERLAND, U. S. Navy 
x 1945-48 Captain F. W. Watton, U. S. Navy 


1922-23 Commander S. M. Rostwson, U. S. Navy 
ee 1924-25 Commander Bryson Bruce, U. S. Navy 
1926 Commander A. M. U. S. Navy 
1932 H. F. D. Davis, U. S. Navy 

1933-34 Commander H. B. Hen, U. S. Navy 
1935 Commander C. S, Guerre, U. S. Navy 
1936 C. S. U. S. 
oa, a Commander Rocer W. Patne, U. S. Navy 
1937 Commander Rocer W. Parneg, U. S. Navy 
Commander Rocer W. Parnz, U.S. Navy 
| 
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